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CHAPTER. V. 

1. (By Euo. I. 47) Hypotb.3=Base»+Perpen.«=632» set. ft. + 1652 sq. ft. 
: (500 + 32)2 gq. ft. + (200 - 36)« sq. ft. 
: (250000 + 32000 + 32^) sq. ft. + (40000 - 14000 + 352) sq. ft. 
:{260000 + 32000+(30 + 2)2}sq.ft.+ {40000-14000 + (40-6)2} sq.ft. 
= (260000+32000+900+120+4) Bq.ft.+(40000-14000+1600-400+25) sq.ft. 
(283024+27225) sq. ft. =310249 sq. ft. 

.-. Hypoth. = V(310249 sq.ft.) =557 ft. 

3. Hypoth.«=(278ft. 8in.)2+(262ft. 6in.)2=(278{ft.)2+(262ift.)2 

= («8? ft.)' + (f ft.)' = (^±'1 ft.)' + (5°^ ft.y 

640000+67600 + 1296 .^ 250000+25000+625 ,^ 
= 5 sq. ft. + J sq. ft. 

/698896 . 275625\ ,, 6276209 -, 
= ^_^+^j_jsq.ft. = -^^ sq.ft. 

.% Hypoth.= ^^^?^sq.ft.^=^ft.=382ft. lOin. 

4. Hypoth.2= (i mile)2 + (345^ ydfl.)2= (880 yds.)' + H^ yds. V 
:(800+80)2sq.yds.+{J(1000+36)}2sq.yds.=(640000+128000+6400)sq.ya8. 

+ {I (1000000 + 72000 + 1296)1 sq. yds. = ^774400 + 12Z|??I?^ gq. yds. 

8042896 
» — 9 — sq. yds, 

. XT xu //8042896 , ^ 2836 - ^,. , - .. 

.'. Hypoth. = a/ ( — Q — sq. yds. j = -g- yds. = 94o yds. 1 ft. 

T. M. K. 1 
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9. Hypoth.' = Base* + Perpen.' ; 
.*. Base'=Hypoth.* - Perpen.'= (Hypoth. + Perpen.) (Hypoth. - Perpen.) 
= (726 + 644) ft X (725 - 644) ft. = 1369 x 81 sq. ft. 
= 37' X 9« sq. ft. = 333« sq. ft. 
.-. base = V(333« sq. ft.) =333 ft. 

17. Here i4B = 22620ft., ^C=12816ft., 
u4D=11484ft. Required BC. (By Euo. L 47) 
BD^=BA*-AD^=^(BA-{-AD){BA-AD) 
= (22620 + 11484) ft. x (22620-11484) ft. 
=34104 X 11136 sq. ft. = (29 x 24 x 49) 

X (29 X 24 X 16) sq. ft. = 29' x 24« x 7* x 4« sq. ft. , 
.', BD = V(29* X 242 X 7« X 4« sq. f t.) = 29 X 24 X 7 X 4 f t. = 19438 ft. 

Again, * DC^=^AC^-AD^={AC+AD){AC-AD) 

= (12815 + 11484) ft. X (12815 - 11484) ft. = 24299 x 1331 sq. ft. 
= (11 X 47 X 47) X (11 X 11 X 11) sq.ft. = 112 x IPx 47*8q. ft.; 
.-. DC=V(ll*^ll*><472sq.ft.)=:lPx47ft.=121x47ft.=5687ft.; 
.-. BC=Bi)+i)C=(19488 + 5687)ft.=25175ft. 




18. Let a = base, 6= height, and c=hypothenu8e. Then a= 
e - 6 = 625 ft. Required b and c. 

From Euc. I. 47, or Art. 60 of the Mensuration, 

a2=c2-62=(c + 6)(c-6) = (c + 6)x625; 
Thus c + b= 39252—625 = 15405625^625 = 24649. 

Add c - 6 or 625 to this, and divide by 2, we get c = 12637 ; 
Also subtract c-& or 625, and divide by 2, we get 5=12012. 

19. Here .iB = CD = 25 f t., -4 C = 1 ft. Required DB. 

.-. J5C=^B-ilC=(25-l)ft. = 24ft. 
Now (Euo. 1. 47) DB^=DC^-BC'^ = {DC+ BC)(DC-CB) 

= (25 + 24) ft. X (25 - 24) ft. = 49 sq. ft. 
.-. DB = V(49sq.ft.) = 7ft. 

20. Here DC=ilC=40ft., AB=2Ut,, DjB=32ft. 
Required BE. 

(Euc. I. 47) B(P=AC^-AB^ 

= (il C + il J5) (il C - il JB) = (40 + 24) ft. X (40 - 24) ft. 
= 64 X 16 sq. ft. = 82 X 4« sq. ft. ; 

.•.BC=V(8*x42sq.ft.) = 8x4ft.=32ft., 
and C^« = CD* - J)E^ = (CD + BE) {CD - BE) 
= (40 + 32) ft. x (40 - 32) ft. = 72 x 8 sq. ft. 
=9 X 8 X 8sq. ft. = 3* x 8* sq. ft.; 

.-. C£=V(8'x8*sq.ft.) = 3x8ft.=24ft.; 
.-. B£=BC+CjB=(32 + 24)ft.=66ft. 



3925 ft., 
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21. (Vide disgnim to preceding.) HeroCjB=Uft., £D=48ft., ^B=r40ft. 
Beqnired BE, 

(By Euo. L 47) 

2>C= V(^-E?'+^Ca)= V(48H14«) sq. ft = V(2304 + 196) sq. ft. 

= V(2500sq.ft.)=60ft.; .•. -40 also =60 ft.; 

and BC=^/(A(P'AB*) = \/{{AC+AB){AC-AB)} 

= V{(50 + 40) ft. X (60 - 40) ft.} = V(90 x 10 sq. ft.) 

= V(90<)sq-ft.) = 30ft.; 

.'. BE=BC+CE=Uft. 

22. Diag.3=Bid6'+8ide*=2 BideS=:2xlBq.in. = 2Bq. in.; 

.*. diag. = ^J{2 sq. in.) = 1-4142136624 in. 

, 24. Here AD = 82-66 f t. , CD = 71 1 ft. Eequired AB, 
AC=^J{AD*-DC^) = S/{{AD + DC){AD-DC)} 

=V(163-76ft. X ll-66ft.)=V(1777-4666Bq. ft.) 
=42-16 ft.; 

.-. (by Euc. m. 8) AC=:CB; 
.•. AB=AC-{- CB = 2AC=Qid2 ft. 

25. Let a = length, and 5 = breadth, and <2= diagonal of rectangle. Here 
a = 147 yds. , 6 = 196 yds. Beqnired (a + 6) - d. 

(By Euc. I. 47) 

d=V(*'+^*) = V(147»+196«)sq. yds. 

= V{P'5<73x7»+7«x2«x7«x22)sq.yd8.} 

= V{7^x7M3'+4«)sq.ydB.}=7x7x6yd8.=246yd8.; 

.'.a+b-d= (147 + 196 - 245) yds. = 98 yds. 

26. HereilB=^C7=17ft.,J5C=28ft. Beqnired ilD. 

(By Euc. 1. 6 and 26) BD=2)C="^ = 14 ft.; 

.-. (by Euc. 1.47) 

AD = ^J(AB»'^BI>^) = ^{(AB+BD){AB-BD)} ^ 

= V{(17 + 14) ft. X (17 - 14) ft } = V(93 aq. ft.) = 9 -64 ft. 

27. HereilB=BC=Ci)=Dil=8ft. Bequired^E. 
(By Euc. I. 47) 

AB*=AE^+E^=2AE^ (Euc. I. 16 def.); 

.'. ilE» = ^ = V- sq. ft. = 32 sq. ft ; 

.'. AE = V(32 sq. ft.) = V(16 x 2) sq. ft = 4 V2 ft 

= 4 X 1-4142 ft. = 6-6568 ft . = 6 -66 ft. nearly. 

28. (Vide preceding diagram.) HereilE=s6ft. BequirediiB. 
Now (as in preceding) AB*=2AE^=2 x 6>sq. ft ; 

.-. AB^sJ(2 X 6«sq. ft.)=6 V2ft.=6 x 1-4142 ft =8-4862 ft 

1—2 
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29. (Vide diag. to 24) Bere AD ^7 ft.fAB=S ft. Bequired CD. 
(By Euo. m. 8) AC=CB=iAB=^ft.; .\ (Euo. I. 47), 
Ci)= V(^'D«-ilC») = V{(7+4)ft. X (7-4)£t.J = VPl >« Ssq.ft.) 

s=V(33Bq.ft.)=6-74ft. 

80. (Vide diag. to 24.) Here ^11)=: 17 in., CD = 13 in. BequirediiB. 
iiC=VU'Da-CD») = V{(-4^ + <^^)(^-^-^^)J=V{(17+13)in.x(17-13)in.} 

= V(30 X 4Bq. in.)= V(120Bq. in.)=10-964in.; 

.-. (by Euc m. 8) AC=CB; .-. 4D=ilC+CB=2^C=21-908in. 

81. Here i4B=BC= CD=DE=EP=M:=iil£^=*x 1ft. =2 in. j and 
KL=KM=KN=K0=KP=^12m. 

LF = K/iLE? - KF*) = V(144 - 4) gq. in. 

= V(140 sq. in.) = 11-832 in. ; 

EM=\/(MK^-KE?)=^/{{U4-16) sq.in.} 

= V(128 sq. in.) = 11-314 in. ; 

DN= \/(KN^ - ED^) = V{(144 - 36) sq. in. } 

= V(108 sq. in. ) = 10-392 in. ; 

00:=^ s/{KG^ - KCP) = V{(1^ - 64) sq. in.} 

=V(80Bq.in.)=8-944in.; 

PB = V(^^ - ^^) = Vftl^ - 100) sq. in.} = V(4^ sq. in.) = 6-633 in. 

82. Here^B=12fl;., BC=7ft. 

.'. (by Euc. in. 18) I ACB is a rt. i: ; 
.-. (Euc. 1.47) AC^s/iAB^-BC^) 

z=.^{(lU- 'id) sq.ft.} 
= V(95 sq.ft.) =9-76 ft 





OHAPTEB VL 

1. Herei4D=6in., DE=34in.,-4B=7in. BequiredBC. 
In similar triangles ABC and ADE (by Euc. VI. 4), 

BCiBAiiDEiAD; 

^^^^^-•?4ian.=Vin.=6-6in. 



.'. BC=2' 



AD 



2. Here^B=BCaC^=80in. BequiredilD. 

(By Euo. 1. 5 and 26) 

BDsDC=iBC»}x80in.>-15in.; 

AD = ^/(AB' - BD«) = V{U^ + ^^) (^ ^ - ^J^)} 
= V{(80+15)in. X (80- 16)in.} = V(46xl6)sq.in. 

=:V{(15'x8)Bq.in.}=16V3in.=16xl-732in. 
s= 25-98 in. 





3. HereD^=6ft.,J?'B=*8Jft.,BC=66}ft. BeqvdiedAB. 
(By Euo. VI. ^)AB:BC::DF:FE; 
.-. AB=BCxDF-T'FE=3^iS.ycex^tt.=40n* 

A 




F C 



4. (Vide diag. to preceding.) Here 2)P=3ft., £P=4ift., AB^iBtt. 
BeqniredfC. 

(By Euc. VI. 4) JBC : Bil ::EF:FD; 

.-. JBC=P^xJEJ?'-7-J?'D=46xJxift.=iSift.=67ift. 

5. Now since 1 mile of coimtiy=i- of an inch on map ; •'• 500 miles on 
coimtiy=:-&{^'in., i.e. 5 ft. 2} in. on map. 

6. Now since 31 miles of coimtz7= V* ^* ^^ map; .*• 1 mile of conntry 

31 . . ,. 
= ;r; — -. m., 1.0. i m. on map. 
31x4 * *^ 

7» Distance required is fomid from the following proportion 

6S in. : 8i in. : : 54 miles : 68 miles. 

8. (Vide diag. to 1.) Here BC=:20in.y 2)JE7=:16 in., JBD=6in. Be- 
quiiedBA, 

Now^D=Bii-J5D=sB-4-6in.; and (Euc. VL 4) B-4 :BC::ADiDE; 

le.BA iBC ::BA-Qm. :DE; i.e. BA : 20in. :: J5il-6in. : 16 in.; 

.% 20in. xBii---1208q. in. = 16in. xBA; .: 4iii.xJBil=120sq. in.; 

.'. B-4=30in. 

9. (Vide diag. to 1.) Here ^D=8in., DE=7m., JBD=3in. Be- 
quired BC, 

Now AB=AD+DB={S + ^) in. =11 in.; and (Enc. VI. 4) 

BCiBA ::DE :DA; 

BAxDE 11x7. -^. ^, . 
^_ ^-^m.=¥m.=9fm. 



.-. BC7=' 



10. (Vide diag. to 1.) DE=7in., BC7=10in., BD=2in. BeqniredDii. 

Now ^B=iiD+I>B=-4D+2in. ; and (Euc. VI. 4) AD : DE :: AB : BC; 

le,AD : 7in. ::AD+2irL : lOin.; .*. 10 in. x^D=7in. XilD + 14sq. in.; 

•'. 8in.XilD=14sq. in.; •% il2)=4}in. 



A 


X 


\ 


B 


= u 



6 MENSURATION. 

11. HereD^=16ft., JBC7F:20ft., GF=5ft.; 

.% AF=Aa+GF=Aa-\-5ft. 
Now from similar triangle^ ABC and ADE 
(by Euc. VI. 4) BC : iiB : : D£ : Dil ; 
.*. BO : D£ :: BA : Dil; again from similar 
triangles ABF and ilDG, AF : AB :: AG : AD ; 
.'. ulf : ii(7 :: ilB : AD ; but, as we have shewn 

BCiDE ::BA :DA; 
.-. AFiAG:: BC : DE\ .-. -4JP ; ^O :: 20ft. : 16ft., i.e. as 6ft. : 4ft.; 
i.e. 4G+6ft.:-4G::5ft. :4 ft.; .-. 4 ft. XilG+20sq. ft.=6ft. xAG; 

.-, i4G=20ft.; .-. ilf=(20 + 6)ft.=25ft. 

12. Here AD=8 ft., BG=14 ft., 

DM=MN=NF; 
/. DF=SDM, &n6iDN=iDF. 

Draw DE parallel to AB (Euc. L 81) ; 

.-. (by Euc. I. 34) BE =KO=GP= AD =8 ft. 
.'. EC=BC'-BE^(U-S){U 
Now (as in preceding) PH : EC :: DM : DF; 

le. PH=EC xDM-T-DF=Qit. x Dilf 4- SDlf =2 ft. 
Again OL : EC :: DN : DF; 

.-. OL = CEx DN-^DF= 6 ft. x J DF-i-DF= 4 ft. ; 
.-. GH=GP+PH=(8 + 2)ft.=10ft.; and£I,«JB:0 + OL=(8+4)ft.=12ft. 
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CHAPTEB VII. 



[The diagram in Example 1 is used for all the Examples.] 

1. HereCD=16in.; 4C=4ft. 6in. Required Cf. 
Join -4, F. 
(By Euc. VI. 8 Cor.) CFiCA'.iCAi CD; 

.-. CF=C4»-^CD==<|ft.)>-rift. 

=^sq. ft.xtft.=V-ft.=16ift. 

2. HereCD=2-28ft.,-4G=7-15ft. Required CJP. 
(As in preceding) 

CF= C4*-^GD=(7•16 ft.)3-^2-28 ft. = 2-28 ^^'=^^'^^ ^*- ^^^^7- 




8. Herei4G=3ft. 4in.=40in., CF=26ft.=300in. Required Ci>. 
(By Euc. VI. 8 Cor.) CD : CA :: CAzCF; 

.-. CD = CA^-i'CF=4ff^Bq. in. -r- 300 in. =V in. =6} in. 
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4. Here AC= 6-43 ft., CF= 23-65 ft. Eequired CD. 
(As in preceding) CD = CA^-i-CF 
«(6-43ft.)*-5-23-66ft.=41-34498q. ft.-j-23-65ft.=l-74ft. nearly. 

6. Here CD=lft. 3in.= |ft., 0^=11 ft. 3 in.=-V-ft. Bequired ACf. 
(By Euc. VI. 8 Cor.) CD i AC :: AC : CF; 

.'. AC^ = CD X CF^i X V-sq- ft.=^4^4^8q. ft. = ?!^sq. ft. 

* 4x4 4^ 

.'. -4(7= ^( -p— sq.ft.) =— j-ft.=3ft. 9 in, 

6. HereCD=3-24ft., CF=28-76ft. Required ilC. " 
(As in preceding) AC*=^CD x Ci>'=3-24 x 28-76 sq. ft. =93-1824 sq. ft.; 

.-. ilC=V(93-18248q. ft.) =9*65 ft. nearly. 

7. Here ilB=20ft., CD=4ft. Required CF. 
(By Euc. in. 3) 

AD=DB=iAB = 10it., and (by Euc. YI. 8 Cor.) DF: DA ::DA: DC; 
.-. DF=Dii2H-DC=:(l0ft.)2-f-4ft. = 1008q. ft.-T-4ft.=25ft.; 

.-. C^= CD + DF= 29 ft. 

8. Here il JB = 15 -78 ft. , CD = 2-8 ft. Required CF. 
(As in preceding) 

AD=iAB = 7'89ft.; and DF=D^«-5-DC= (7*89 ft.)2-^2•8 ft. 
=62-2521 sq. ft.-r-2-8 ft. =2223 ft. nearly; 

.-. CF= CD +D2?'= (2-8 + 22-23) ft. =25-03 ft 

9. Here AB=15 in., Ci7= 20 in. Required AC. 
(As in 7) 

AD=iAB=^m.; and (Euc. L def. 15) AE = l diameter = i CF= 10 in. 
Now (Euc. I. 47) D£= VM£«-ilD2)=V{(10in.)2- (V-in.)2} 

= V{(10 + V)(10-¥)8q. in.} = V(¥xtBq.in.) = ^^-^-8q.in.) 

=^ 5/7 in. =|x 2 -6457 in. = 6-61 in. nearly; 

.-. CD = C£- ED =(10 -6-61) in. =3 -39 in. Lastly (by Euc. 71. 8 Cor.) 
CD : CA :: CA : CF\ .-. Cil«= CD xCF= (3-39x20) sq. in.=67-8 sq. in.; 

.'. Ci4=\/(67-8sq. in.) = 8-23in. nearly. 

10. Here i4D=80 in., CF=100 in. Required AC. 

CF 
(As in preceding) AD = ^AB = 40 in. , and .i£ = --- = 50 in. Now (Euc. L 47) 

DE=V(^E»-i4D2)=V{(^^ + ^J^)(^^-^^)}=\/{(oO+40}(50-40)sq.in.} 

= V(90 X 10 sq. in. ) = v(900 sq. in. ) = 30 in. ; 

.-. CD = C-B-ED = (50-30)in. = 20in.; 

.-. (asinpreceding) ilC2 = CD xCF= 20x100 sq. in.=4x5xl0*8q. in. ; 

.-. AC=s/{ (4 x 5 X 10») sq. in. } =2 x 10^5 in. = 20 x 2-236 in. =44-72 in. 



8 MENSURATION. 

11. Here ii(7=2ft. 6in.=:ift., Cf =4ft. 2in.=V ft. Required AB. 
(By Euc. VL 8 Cor.) CD z CA :: CA : CF; 

.-. C7D=C4«-^CF=(^ft.)*-f-V-ft.=^8q.ft.xJtft.=|ft. Again (Euc. 1. 47) 
AD^y/iAC^-CD^=y/{(AC+CD)(AC-CD))=zy/{{i'{-i)(i-i)a(i.ti.) 
=V'(4xlsq. ft,)=2ft.; and (Euc. HI. 3) AD=:DB; 

••. ^5=2xilD=2x2ft.=4ft. 

12. HereilC=2-4ft., CF=16ft. Required -45. 

(As in preceding) CD = ^ C«^CF= (2-4 ft.)«-M6 ft. = -6 x -6 ft. = -8Gft.; 
and ilD=V(^C«-CD')=V{(^Cf+CD)(^C~ CD)} 

= V{(2-4 + -36) ft. X (2-4- -36) ft.} = ^{(2-76 x 2-04) sq. ft.} =V(5*6304 sq. ft.) 
=2-373ft. nearly. .% ilB=2^D=4-746ft.«4-76ft. nearly. 

13. Here iiJB=12yds.=36ft., i4C=19ft. 6in.=19-5ft. Required CP. 
(By Euc. in. 3) ilD=J^B=18ft. .-. (Euc. I. 47) CD=y/{AC^-AJP) 
=V{(^C'+^D)(2lC-^D)}=V{(19-6+18) (19-6- 18) sq.ft.} 

= (37-6 X 1-6 sq. ft.) = V{25 x 1-5 x 1-6 sq. ft.) = V{5' x (l-5)« sq. ft.} 

=5x1-6 ft. = 7-6 ft. 

Now (Euc. VL 8 Cor.) CD : AC :: AC : CF; 

.'. CF=iiC2-TCD=(19-5ft.)«^7-6ft. 

19-6X19-5., 3-9 X 19-6.. 3-9 x 3-9,. -« «^., ^^„,, 
= — =:= ft. = — j^g — ft. =» — := — ft.=13 X 3-9 ft. = 60*7 ft. 

14. Here -4B=49ft., iiC=25ft, Required CF. 

(Euc. m. 3) ilD=pB=24-6ft.; and (Euc. I. 47) CD=y/{AC^~CD^) 
=y/{{AC+CD)(AC-'CD)}^yy{(25+2^'5)tt,x{25-24'5)tt} 
=vi(49*6x'5)sq. ft.} =V(24-76 sq.ft.) =4-9749.. .ft.; Now (as in preceding) 
CF=^C»~CD=(25 ft.)*-j-4-9749ft.=:(625-r-4-9749) ft. = 126-63 ft. nearly. 



CHAPTER Vni. 

1. Circum. s=i^t x 14 ft. = 44 ft. 

2. Ciroum.=Vx86yds. lft.=^x86tyds.=VxASAya8. 

= ?^|^^yds.=AViyds.=271yds. 1ft. 

8. Ciroum.=^x 213yds. 2ft. 8in.=22 x 30yds. 1ft. 8 in. =672 yds. 8 in. 

4. Circum. = V- ^ 1 fur. 60 yds. = ^ x 1 A^ fur. =^ x ff fur. =4 fur, 

5. Circum. = 31416 x 27 ft. = 84-8232 ft. 

6. Circum. = 8-1416 x 61 yds. 2 ft. = 8-141 6 x 185 ft. = 681 -196 ft. 



MENSURATION. d 

7. Ciroum. = 8-1416 x 665 yds. 1 ft. 6 in. =8-1416 x 16661 «• 

s=3-1416 X ^V^ ft. = 6236-4764 ft. 

8. Circnm. =3*1416x1 for. 80 yds. =: 3-1416 x 300 yds. =942*48 yds. 

9. Diam. = ciroom. -^^» 66 yds. x ^7 » ^^ 7^^» 

10. Diam. = circum. -f-i^t » 10 ch. -5- V = 220 yds. x ^, = 70 yds. 

11. Diam.=oircum.-!-V-=3 fur. 4ch. ■i.J^=34 ch. x A 

= 34 X 22 yds. x ^7 = 238 yds. 

12. Diam. = circum. ~*^ = 1 mile-5- ^ = 1760 x ^^ yds. = 660 yds, 

13. Diam. =circiim.-^3-1416=l ft.-T-3- 1416= -3183.. .of a foot. 

14. Diam.=ciroum.-T-3-1416=26ft.-^3-14l6=7-9677...ft. 

15. Diam. =circum.-^3-1416= 108 yds. 1 ft. -^ 3- 1416 =325 ft. -7- 3- 1416 

= 103-46047...ft. = 103-4506ft, nearly. 

16. Diam. =oircum.-i-3-1416 = l fur.-7-3-1416=220 yds.-!-3-1416 

= 6 yds. H- -0714 = 70-028.. .yds. 

17. Circnm. of circle described by Mercury round the sun 

= 2x^,^x37000000 miles; Now since the planet describes this oiroum. in 
88 days, i. e. in 88 x 24 x 60 x 60 seconds ; .*. No. of miles it describes in 
. , 2 x 22 X 37000000 23125 „^ ^^ qa /s i 

^ ««^°"^= 7x88x24x60x6 = -756"= 30-68 =306 nearly. 

18. Circum. of carriage wheel =^ x 28 in. =88 in. ; now since in 1 revo- 
lution, a wheel passes over a distance equal to its own circum.; .*. the 
carriage wheel makes 1 revolution in passing over 88 in. ; .*. no. of revolu- 
tions it will make in passing over ^ a mile =880 x 3 x 12in.-^88 in. =360. 

19. Let the circle ABC represent the shrubbery, and let the space between 

the two circles ABC and DEF represent the road. Now 

EB (i.e. the breadth of the road,) /^T"^^ 

_ circum. of DEF circum. of ABC 

" 2x3-1416 2x3-1416 g 

1 

(circum, of D£P- oiroum, of ABC) 



2x31416 




__ 600 ft. - 4 80 ft. _ 120 60 _ -q ^^^^ .. 

" ' 2 x314l6~" 2^31416 "•"" gTIiig"— ^^•Og85...ft. 

20. Circum. - Diam. = 10 ft., i. e. 10 ft. = 3-1416 x Diam. - Diam. 
= Diam. x (3-1416 - 1) =Diam. x 2-1416 ; 

/. Diam.=10ft.-i-21416=4-669..,ft.=4-67ft, nearly. 
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CHAPTEB IX. 

(Note, In the following examples we shall take L to represent the length 
of tne arc, A the angle subtended by the aro at the oentre of the circle, and 
** the circumference of the circle.) 

1. (By Euc. 71. S3) L : ©" : : -4 : 860*; 

_ ©"Xii 2 X 31416 X 10 in. X 720 
••• ^= "360^ = 360^ =12-5664m. 

2. (as in preceding) 

2 X 31416 X 19 ft. 7 in. x W 24:' 2 x 3-1416 x 235 in. x lOo } 

360« "" 360« 

= ???^^in.=42-65e9...in.=42-666in. nearly. 

3. (By Euc. VL 33) ii : 360« ::L: ©••; 

. ^ 3600X 15in. _ 3600xl5in. _ ,76|^_350.809 -850.81 

• • "* "2 X 3-1416 X 2 ft. "■ 2 X 31416 x 24 in. ■"2-0944 "" "^^ ^"^- "" ^^ ^^ 

nearly. 

4. (as in preceding) 

_ _3600x lfL_ __ 15^ ^ 

"* -2x 3-1416 X 1ft. -•2618^^ ^9... -57 d nearly. 

8 X chord of half the arc - chord of whole arc 
6. i= ^ 

= J (8 X Win. -36in.)=ifain.=38| in. 

6. (Vide diagr. to Chap. VII. 1.) Here ilB=66in., ilE=EC=197in. 
Required arc JBiiC. (ByEucKL 3) ilD=DB=j2lB=28in.; and (Euc. 1. 47) 

DE=y/{AE^-AD^) = ^/{(AE-{-AD){AE-AD))=^y,f{{197 + 29){197-2Q)Bq.m.) 
= V(225 X 169 sq. in.) = Vl(16* x 13«) sq. in.} = 15 x 13 in.=19o in. ; 

.-. CD=CE'-ED = (197 - 195) in. = 2 in. ; and (Euc. I. 47) 
ilC=V(^D«+DC«)=V{(28«+22) sq. in.}=V{2M14*+l) sq. in.} 
=2 ^197 in. = 2 X 14-035. . .in. = 2807 in. .•. Length of aro 
4CP = J(8^C-ilJB)=J (224-56 -56) in. = 56186 in.=56-19 in. nearly. 

7. (Vide diag. to Chap. VII. 1.) Here -4B=6in., -4E=9in.; Re- 
quired arc A CB, 

(As in preceding) AD=i AB^ Sin., and 

D£=V{(9'-3'')sq. in.}=V(12 x 6sq. in.)=V(6*x2sq. in.) 

= 6 X V2 in. = 6 X 1-4142135 in. =8*485281 m.; 

.-. DC = CE-DE=(9-8-485281)in.= -514719in.; 

and AC=y/(d sq. in. + *264936 sq. in. nearly) 

= V(9'264936 sq. in.)=3-044in. nearly; 

.'. Length of BxoACB=i (8 x 3-044-6) in. =i x 18-352 in. =6 -117 in. nearly. 
{Note, AC might also have been found by Euo. VI. 8. Cor., as in Chap. VH.) 




MENSURATION. 1 1 

8. HereBadia8=5in.,angleofsectors90^; Beqaired perimeter of sector. 
(By Euo. YI. 83) Arc of sector : circozn. of circle : : 90^ : 860® ; 

.*. arc of sector = J drcmn. of circles J x 2 x 8*1416 x 5 in. 
•-. perimeter of sector = arc +2 x radias= J x 8*1416 x 10 in. + 10 in. 

=10 in. (•7864 + 1)=10 x 1*7864 in. =17-854 in. 

9. Here AB=BC=Um., iABC^W\ Required 
perimeter of segment ABC. (By Euc. I. 47) 

4C=^/(^^"+JBC>)=^/2iiB»=ilB^/2 ' ^ 

= 16x1*4142186 in.=22*6274in. nearly. 

Again (by Euc. VI. 83) 

arc ABC : circum. of cirde : : 90® : 860<> ; 

.% arc ABC=i circum. of circle = J x 2 x 8*1416 x 16 in. = 26*1328 in. ; 

.*. perimeter of segment ilDC=arc ilDC+chord ^C=(26*1828 + 22-6274) in. 

=47-7602 in. 

10. Arc of semicircle = i circum. of circle = i x 2 x 8*1416 x 1 in. = 8*1416 in.; 

.'. perimeter of semicircle = arc of semicircle + diam. = (3*1416 + 2) in. 

= 6*1416 in. 

11. Perimeter of semicircle (as in preceding) 

= J circum. of circle + diam. = ( x 2 x 3*1416 x radius + 2 radius 

= radius (3*1416 + 2) = radius x 6*1416 = (by hyp.) 100 ft. ; 

.•. radius=100ft.-5-6'1416=19*46ft. nearly. 

12. Radius = 26 in., A = 820 31' 12"*4 = 820 ^^^ = ~^ ; Be- 

quired length of arc. (As in 1) 

r « oi.tfi OK' 1170720*4 ^^^ 8831*19429in. ^.-oac* i 

I,=2 X 3*1416 X 25 m. X -h860o= ^tt =14*1896 m. nearly. 

CHAPTER XI. 
1. Area of square = side' = 14' sq. yds. = 196 sq. yds. 

6. Area of square = side* =(10 yds. 2ft.)»=(10|yds.)*=(Vyds.)' 

=ij^ gq. yds. = 113 sq. yds. 7 ft. 

9. Area of squares side' =(8 yds. 2ft. 4in.)'=(3{yd8.)'=(Vyds.)> 

= m^ sq. yds. s 14 sq. yds. 2 ft. 64 in. 

18. Area of square = side's (4 ch. 601ks.)'=(4ich.)'=J^ sq. ch. 

^^4)00 *°' ^^ *°* = 2 ao. 4 po. 
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14 MENSURATION. 

80. Let ABCD be the given square; then 
AB =85 yd8,=^256 ft. Let EFy FG, QH, HE, be the 
bonndaries of the path ; then KA = BL = 10 yds. = 80 f t. *^ 
.•. (by Eua L 84) 

EH=zKL=AB-k-KA+BL=:{255+Z0+30)ft.=S15it. 

Now area of path 

e=(area of sqtiare £FGH- area of square ABCD) 

=(315ft.)»-(265ft.)"=(316 + 256)ft. x(816-256)ft.=57Ox60sq. ft.; 

and area of 1 stone = 1 ft. 4 in. x 10 in. = | ft. x ( ft. = V^ sq. ft. Now sinoe 

1 stone covers an area of V-sq* ft., the no. of stones required to cover an 
area of 570 x 60 sq. ft. =670 x 60 sq. ft.-^V-sq- ft. =80780. 

81. (As in preceding) Length of outer rectangle = (63 + 4} + 4}) ft. e= 72 ft. , 
and its breadth = (36 + 4} +4)) ft. =45 ft. .*. (as in preceding) area of path 

= (72 x46-63x 36) sq.ft. = {(36x2x9x5)- (9x7x36)} sq.ft. 

= 36 x 9 (10 - 7) sq. ft. = 36 x 9 x 8 sq. ft. ; 

and area of 1 brick = 9 in. x 4} in. = j ft. x { ft. = -^ sq. ft. ; .*. (as in preceding) 
no. of bricks required =36 x 9 x 3 sq. ft.-7-^^ sq. ft. =8456. 

82. Area of court yard = 1296 x 9 x | sq. in. = 648 x 81 sq. in. ; area of 
pavement = i x 648 x 81 sq. in. = 648 x 9 sq. in. ; and area of 1 tile 

=6x6sq. in. = 86sq. in.; 
.'. no. of tiles required =648 x 9 sq. in.-^by 86 sq. in. =162. 

83. Area of one rectangle =9 x 16=3'x 4>; .*. side of square equal in 
area to this rectangle = y (3^ x 4^) = 3 x 4 = 12 ; and area of the other rectangle 
= 36 X 25 = 6^ X 5' ; •*. side of square equal in area to this rectangle 

-V(6«x5«)=6x6=30; .>. ^-^^^^^^^^n^f; 
^^ ' * side of 2nd square *' *' 

•'. side of 1st square : side of 2nd square : : 2 : 5. 

84. Area of 4 walls of room = area of the 2 long walls + area of the 

2 short walls = 2 area of 1 long wall +2 area of 1 short waU = 2 xlength 
X height of room + 2 x breadth x height = 2 x height (length + breadth) 

= 2xl0ift. (18 + 12) ft.=2xiyLx30sq. ft.=21x30sq. ft. 

Now since the paper must cover these walls, its area must equal their 
area ; i. e. length of paper x its breadth = 21 x 30 sq. ft. ; 

.'. length of paper x 27 in. (i.e. | ft.) = 21 x 80 sq. ft. 

.-. length of paper=21 x 30 sq. ft. +| ft =280 ft. 

85. Area of 4 walls of room (as in preceding) 
-2xl8ft. 6in. (24ft. 10 in. + 16 ft) =2x18} ft. x40t ft. 

=2xV-x^8q.ft.sAiyLl8q. ft.=1510SBq. ft 

=no. of sq. ft. of paper required (vide preceding). 
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86. Perimeter of rectangle ssam of its four sides =s 2 length +2 breadth 
u 96 ft. + 56 ft. =152 ft. And perimeter of square = sum of its four sides 
=4 X one side; but, by hyp., vie perimeter of the square = perimeter of the 
rectangle ; .*. 4 x side of square =152 ft. ; .*. side of square=88ft. ; •'• area 
of square = (38 f t.)^ = 1444 sq. ft. 

87. Hero lengths 8 X breadth; .*. area of rectangle = length x breadth 
s8 X breadth x breadth =3 breadth^s (by hyp.) 1828 sq. ft. ; 

.•. breadth2=44l8q. ft. = 21«sq. ft.; .•. breadth =V21'«q. ft.)=21fl.; 

and length = 8 x breadth = 8 x 21 f t . = 68 ft. 

88. Area of the seven sheets 

>«/N' /!». f*A>B • 63x66 . 

= 7 X 9 m. X 6Jin. = 7 X 9 X -V 8^' iQ« = — u — ^' "^' J 

o 

and area of the one sheet = 18| in. x 11 in. = ^ x 11 sq. in. Now since 7 sheets, 
the area of which is — ^ — sq. in., weigh 1 oz.; the sheet, the area of which 

go y KK 

is '^ X 11 sq. in., will weigh V x H-* — g - oz. , Le. iVf oz, 

89. Let :r= longer side of rectangle, and ^=the shorter side; therefore 

2 (a; +^)= perimeter of rectangle (vide 86); and 4 x side of square = perimeter 

of square (ibid.); but, by hyp., perimeter of square = perimeter of rectangle; 

.4 • /%/ « .4 . 2lx+v) x+v 

.*. 4 X side of square a» 2 (aj+y); .% side of sqtiare= -^ . ^-'- = — -£ ; ,•, area 

of squares ( — - J = — —i—^ » and area of rectangle =ajy. Now area of 

square is ^ area of rectangle, according as -^ — — ^ xy ; i.e. according 

as 3^+2xy-{-y^ ^4xyi i.e. according as x^-2xy+y^ ^0; i.e. according as 

(x-yY ^0; i.e. according as (o;-^) ^ ; but x-yiB>0, because x is larger 

than yt by hypothesis; .*. area of square > area of rectangle. Now since 
X and ^ are general quantities, the truth we have demonstrated will hold for 
all values of x and y, provided that x>y, 

90. Take x and y as in the preceding. .*. (as in preceding) area of 
<p2 a. 2a;w + v^ 

squares ,- — — , and area of rectangle =a:y ; .*. area of square- area of 

•-^-•,.•1^ a? + 2a;y+j^ o^ ■»• 2xy + y^ - 4r y x^-2xy + y^ fx-yV 

rectangles -^ xyss ^ = ^ s^. ^-i 

=the area of a square, each of whose sides is half the difference of tne 
two sides of the given rectangle. 

91. Area of field 

60x112 
alfor. 20po. xlOpo. lyd.=60po.xV^po.ss ~— ^- 7^ao. = }}ao.; 

.-. Rent=ii x£l. 18i.=}tx£J}=£J|=£6. 6f. 
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92. Area of land = 4235 x 280 sq. yds. = 



4235 X 280 



4840 



ao.; 



^.^^^^^4236^280^^^^ 10,.=f?S80^^^^.^^^^,,Q2^ ^^^^ 



4840 



4840 



H 



93. Area of court = 18 ft. 6 in. x 12 ft. 3 in. = ^j^ ft. x Y ft. i •*• expense of 
paving=i^ X ^ X 4d. = Y x V- x £-h=£V^=£^' 16*. 6i^- 

94. (Vide diagram to 17.) Here BD = 30 yds. (By Euc. 1. 47) AB' + BD^, 
i.e. 2AB*=BD^=900 sq. yds., .•. 2lB*=460sq. yds.=area of square ABCD, 
Now since cost of gravelling 9 sq. yds. = l«.=£9Vf the cost of gravelling 
450 sq. yds.=450-r-9 x £^=£2. 10«. 

96. Area = 32 ft. 3 in. x 16 ft. 6 in. = 4^ yds. x ^ yds.; .•. expense of paving 
si^xJa^xO*. 4d,=^xii-x£l^=£s^=£lS. 14«. 6id. 

96. Area of street =1 fur. 92 yds. 1ft. 6 in. x 22 yds. 8 in. = 312} yds. 
X 22 J yds, =^^ X ^SL sq. yds. = Js^i^ sq. yds.; .-. cost of paving 

=zS.^itJixSid.=A^^x£:^=:£^^i^=£245. ISs. Hid. 

97. Area of court = 96 ft. x 84 ft. = 32 yds. x 28 yds. = 896 sq. yds. ; area of 
4 grass plots = 4 x 22} ft. x 18 f t. = 4 x J^ yds. x 6 yds. = 180 sq. yds. ; .•. portion 
of court remaining = (896 - 180) sq. yds. = 716 sq. yds. ; .•. cost of paving 

=716 X 8Jd.=716 X £^=£^!W=£26. 7«. 2d. 

98. Let ABCD represent the rectangular piece of ground. Then 
i4D=:85yds. and ^B=66yds. Let the space enclosed ^ ^ 
between the boundaries of the two rectangles ABCD and 
EFGH represent the path ; then the breadth of the path k 

-EK=HL=EM=:FN=^ydB. 

(By Eua L 34) KL=AD = 85yds.; 

i.e. j:£+Eir+HL=85yds.; B n 

.-. EJBr+8yds.=85yds.; /. ^5"= (85-8) yds. =77 yds. 

In the same manner we find that 

EF=AB-8 yds. = (56 - 8) yds. = 48 yds. ; 

.*. area of path=area of ABCD - area of EFGH 

= 85 X 56 sq. yds. - 77 x 48 sq. yds. = (4760 - 3696) sq. yds. = 1064 sq. yds. ; 

.-. cost of paving =1064 x U. 2£i. = 1064 x £y^=£iyyL=£62. U M. 

99. Since Isq. yd. costs 3«. 9d., i.e. £^1^; .*. no. of sq. yds. that cost 
£38. 10*. 5d., i.e. £-4j^, =:1||a^^ =1.8^41, and this, by hyp., is the area of 
the square court yard; .'. side of this court yard 

=n/(H*^ sq. yds.) = V yds. = 43 ft. 

101, (As in 99.) No. of acres in field 

=£27.5».-s-£2. 14*. 6(f.=10. 

.'. Bide of the field=/^(10ac.) = V(^8400sq. yds.) =220 yds. NoW since the 
paling goes round the field, .-. the 4 sides are paled; /• no. of yds. of paling 
= 4 X 220 = 880 ; /. cost = 880 x 9d. = 880 x £ A = £33. 
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102. AMa of flooralSft. x 10fk,B0ycb. x i^y^a9l2$q, ydi,; .'. length 
of carpet required -i^^^' J— (yide 84)-i82 ydf . 

108. Area of floor, or quantity of carpet xequired 

Bl2ft.4in.xl6ft. 8in.«Vx¥iq'ft-; 
/. ezpenie«Vx Vx^- M.mM/-x^x£J^»£^»£15. Oi. 7i<f. 

111. Area of flooraSi ft x 18ft. 6 in.aSi x V>4* ft* "17 k 87 iq. ft.; and 

1 -i.v # ^ , - 17 X 87 M. ft, ,.n oA\ 17 X 87 . 

length of carpet required^ s .. -^ — (vide 64)c- ^ - yds.; .•• ezpenie 

118. Binoe 1 tq. yd. coit 6$,, 1. e. £L the no. of sq. ydf. that will coit 
£6. 6t,, i.e, £9^ B J^-i-iB25 eq. yds., which ii tnerefore the area of 
the carpet. Now since the length of the carpets length of the room, and 
that the latters28 ft., •*. also length of carpetB25 ft.; .*. breadth of carpet 

area of carpet 26 sq. yds. 26 x 9 sq. ft. 

"length of carpet" 26 ft, " 26'ft. 

■9 ft. Bilikewisei breadth of room. 

119. Quantity of carpet required 

nl8ft. 8in. xl8ft 9in.c=i^ft. X Vft.B{ydB.xJUiyds.BJifLBq.yds.; 
.'. length of carpet^H^ sq. 3rds.4-27 in. b^JL ^q. yds.+l yd. sXfs.yds. ; 

.*. cost-t{Ax4f. 8d.BA(Ax£A-£W"£8* B«. 9(2. 

Again length of room 

- 18 ft. 9 in. + 2i ft. + 2i ft. a 28 ft. 9 in. b iyi f t. (vide 80), 

and breadth of rooms 18 ft. 6in.+2ift.+2ift.sl8ft. Oin.s^ft.; 

.*. area of portion uncovered = area of whole room - area of carpeted portion 

B V X V sq. f t. - 1{A sq. yds. = (JUgUL - -L^u) sq. ft. s -4^ sq. ft. s W sq. yds. 

B20||Bq.yds. 

124. Area of 4 walls- 2 x 11 ft. x (24 + 16) ft. » 22 x 89 sq. ft. b 868 sq. ft. ; 
and area of fireplace, door, and 2 windows, together 

■i4ift.x8ft.+7ft.x4ft.+2x6ift.x6ft.-(V'+28+66)sq.ft.sl06isq.ft.; 

•*. area of portion to be painted 

- (868 - 106i) sq. ft. - 761} sq. ft. » 3J^ sq. ft. } 

.% eO»tmXM^xSd,ml^x£f^m£l^^m£d. 7«. lOjcf. 
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18 .MEKfirURATION. 

CHAPTEBXn. 

I. Azeasbase x height ss 14 ydf • x BjdB. ssTO sq. yds. 

5« Base X heights area; 
••• heightssarea-^ba8e~1125sq. ft.-!-157d8.sll258q. ft.-»-45ft.a25ft. 

9. HereBC»4ft.6in.=|ft.,ilB==8ft., 

AE=2tt, 8izi.»tft. 

Draw CF perpendicular to AB (Euc. L 12). Now 
as (by Eac. I. 84) CF is eqnal to the perpendicnhur 
drawn from any other point in CD on ABj we are 
required to find CF, Triangles AEB and BFC being 
equiangular, we haye (by Eac. YL ^) CF : BC :: AE : AB; 

.-. CF=BC X AE-i-AB^:^ ft. x t ft. -5-8 ft. =4 ft. 

10. (Vide diag. to preceding. ) Here^B=8ft.,BC=16ft.; .-.perimeter 
xft ABCD:=2{AB+ BC) =2 {S-{-l6) ft.=48ft.=r(by hyp.), perimeter of square 

ac=4 X side of square ; .*. side of square = 12 ft. ; 

.*. area of square = (12 ft.)'= 144 sq. ft. ; 
.-. (by hyp.) area of ABCD=i x 144 sq. ft. =72 sq. ft. 

But BCxAEt i.e. 16 ft x ^£=area otABCD; .-. 16 ft. xAE=72 sq. ft ; 

.-. ^JB=^^^^'={ft.=4ft. 6in. 
16 ft. " 

Again, (as in preceding) CF= BCx AE-r-AB = 16 ft. x { ft.-h8 ft. = 9 ft. 

II. B.GteAB=BC=CD=DA==AC=2i{t.; 

.*. (by Euc. L 6) L'ABC and ADC are equilateral. Draw 
AE perpendicular to BC. Then (by Euc. L 6 and 26) 
BE=EC=iBC=12ti.; and (by Euc. L 47) 

AE=sJ{AJ^-BE^=»J{AB+BE) {AB-BE) 

= V{(24 + 12) ft. x (24 - 12) ft. } 
= V{ (36 x 12) sq. ft.} =s/(l2^ x 3 sq. ft.) = 12 ^3 ft. 
Now area of AB CD = BCx AE=2i ft. x 12^3 ft.a= 288 x 1-732 sq.ft. 

=498-816 sq. ft. =498-8 sq. ft. nearly. 
Or, applying the rule of Art. 147 Example (3) of the Mensuration, 

Area = 24? x -866 = 498-816 sq. ft. 

12. (Vide diag. to preceding.) Here AB=BC=CD=DA=92{t, and 
jL BAD==l BCD=2 A ABC=2 /. ADC. Draw the diagonal AC, Then (by 
Euc. I. 6, 34, and Ax. 1), iBAC=IDAC=IACB=lDCA', and each <?f 
these angles is half of lBAD or I BCD; and each of them, therefore 
= /iABC or lADC, "Wherefore, (by Euc. I. 6), t^ ABC and ADC are 
equilateral. Draw AE perpendiculiur to BC, Then, (as in preceding), 
ulE=16V3ft.; .-. area of4BCD=BCx4E=32ft.x 16^3 ft. 

= 512 X 1*782 sq. ft. = 886*784 sq. ft. = 886-8 sq. ft. nearly. 
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CHAPTEB Xni. 

^ . base X height 18 ft. x 8 ft. „ .. 
1. Area = ^ — == 2 ~ ^' 

6. Here iiB =421,5(7=29. (Euo. I. 47), 
AC=^^(A&-BC^=^{(AB+BG) (AB-BC)} 

=^{(421+29)(421-29)} =^/(460 x 392)=V{(25 x 9 x 2) x (2 x 196)} 

=/^(5* X 3« X 29 x 14») =5 X 8 X 2 X 14=420. 
.•. Area of L.ABC^\ (BC x il(7)= J x 29 x 420=6090. g 

7. (Vide diag. to preceding.) (Enc. I. 47), and (as in preceding) 

ilC=^/{(10+7)(10-7)}=^/^7l^3=^/51=7•1414; 
.% area of A-4BC= J (BC x -4(7) = J x 7x7-1414 =24-9949 =24-996 nearly. 

9. (Note, When the 3 sides of a triangle are given, to find the area, the 
formula made nse of in Art. 152 of the Mensuration is V {s (« - a) (<-&)(«- c) } , 

where a, &, and c, are the sides of the triangle, and «= — ^ — • In practice, 

however, it is sometimes more convenient to adopt another formula, viz, 

iN/[{(&+c)»-a>}{a«-(6-c)«}]. 

which is deduced from the former. In order to apply the latter formula 
correctly, take h and c such that h is greater than c, and the difference 
between them the least possible^ not 0, however. Then of course a will be 
the remaining side.) 

Here a=5, 5=6, c=5; 

.-. area of A=JV[{(6+6)'-6'}{6^-(6-6)^}]=^^/{(ll»-6«)(52. 1)} 

=JV(16x6x6x4)=Jx4x 6x2=12. 

18. Here a=68, 6=77, c= 75; .*. area of A 

=Jn/[{(77+76)«-682} {682- (77 -75)2}]= J ^{(1522 -68«) (682-2')} 
= 1 V(220 X 84 X 70 X 66)= J ^/{(22 X 10) X (7 X 4 X 3) X (7 X 10) X (22 X 8)} 
s= J V(22' X 102 X 72 X 22 X 32)= J X 22 X 10 X 7 X 2 X 3=2310. 

21. Area of A=J^{(4+3)2-22}{22-(4-3)2}]=J^{(72-22) (22-1)} 
=W(9 X 5 X 3 X 1)=8 V16=J X 3-8729 =?i^|!^= 2-9046 =2-905 nearly. 

27. Area of A= J ^/[{(31 + 24)2-112} {112 -(31 -24)2}] 

= i n/ {(55' - 11*) (11' - 72)} = J ^(66 X 44 X 18 X 4) 
=JV(6xllxllx4x6x3x4)=i^(62xll2x42x3)=ix 6x11x4^3=66^3. 

28. Area of A=J^[{(63 + 62)2-612} {612- (63-62)2}] 

= J ^ {(1262 - 612) (618 - 1) }= J ^(186 X 64 X 62 X 60) 
s=iV(3x62x64x62x 8 x4x6)=iV(32x 622x82x22x5) 
=1x3x62x8x2^5=744^5. 

2—2 
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29. Here ^45=68, -4(7=76, 50=77, AD^DB, and AE^EG\ from E 
draw EF paraUd to AB, fEuc. I. 81). Then (Euo. I. 29 and 26) 
£^ADE=£i^EFC^ and DE=FC; bnt DE=BF (Euc. I. 34). The parallelo- 
gram DF-2£iEFC (Enc. L 38 and 41)=2 A-iDE; .-. DBCE=S^ADE. 

Now area of A^DE=:^^/[{W+ W" 84»} {343- (V- WU 
= J VU76'-34«) (34»-l)} =iN/(110 X 42 x 36 x 33) 
=J^(llx6x 2x7x3x2x6x7x11x3) 
=JV(n'x53x2*x72x32) 
=Jxllx6x2x7x3=JJjP=677-6. 

.-. area of DBCE=S x 677-6 =1732-6. 

30. Here ii5=lll, ^0=176, BC=176; 
4D=DF^FB=iAB=S7; AE^EQ=GC=^AC=:^^^. 

From Bunilar A- ADE and iiBC (by Euc. VL 4), 

BC 176 
DE:AD::BC:BA; .•.DE=JLDxBC^3.iD=-a- =-5-- 




3 



3 




.-. areaof AiiDJE;=}V[{(H*+H^)»-373} {37»-(iF-H'^)2}] 

=J^|(ll72-37»)(372-i)|=iV(154x80xH2xH^) 

=Jn/(2x7x11x16x5x7x16x6x2x11xJ) 

=J^r2«x7axll«xl6»x6«Xp^=Jx2x7xllxl6x6xi=^«,4ii=1026|. 

Now (by Euc. L 88, 41), DFHE=2 A EHG=2 A ^42)^ (as in preceding), 
.'.area of DFGE=3xarea of AilD£=8 x->^^=3080. In the same 
manner it may be shewn that 

FBCG=^5 area of AiiDE=:6xi^^=JJ4AiL=6133i. 

81. Here i4B=13ft., BC=14fl;., -40=16 ft. DraWilD 
perpendicular to BC. We are to find AD. 

Area of A ^BC=i ^[{(16 ft. + 14 ft.)' - (18 ft.)»> 

{(13ft.)2-(16ft.-14ft.)2}] 
=lN/{(29'-182)sq. ft x(13»-l) sq. ft.} 
=J^{(42xl6)sq.ft.x (14x12) sq.ft.} 
= J\/(7x6x 16 sq. ft. x7x 2x6x2 sq.ft.)=JV(7'x6a sq.ft. x4«x2«flq.ft.) 
= J X 7 X 6 X 4 X 2 sq. ft. = 84 sq. f t. 
But area of A^BC also=iBC7x-4D=7ft.Xi4D; 

.-. 7ft. x^D=84 sq.ft.; .-. iiD=12ft. 

32. (Vide diag. to preceding.) Here AB=51 ft., BC=62 ft., AC=5B ft.; 
.-. areaof Ai4BC7=J^/[{(63ft.+62ft.)2-(51ft.)»}{(61ft.)»-(63ft.-62ft.)9f] 
=2^(166 X 64 sq. ft. x 62 x 60 sq. ft.) 
= i /s/(3 X 62 X 3 X 9 X 2 sq. ft. x 62 X 2 x 26 sq. ft.) 
=W(3'*><S2ax32sq.ft.x22x6«sq.ft.)=Jx3x62x8x2x6sq.ft.=1170Bq.ft.; 

/. (asin preceding) iiD=1170sq.ft.-f-iBC=1170sq.ft.-r26ft.=46ft. 
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Now (by Euo. L 47) BD=^{AB»'Al>^^y/l{AB+AD) {AB^AD)) 

-^/<(51+45) ft. X (51-46) fM«^/(96x6sq. ft.)>>/(l(Vx6x6sq.ft.) 
=^(4*x6«sq.ft.)-4x6ft.-24ft.; 

.'. area of ^ ADB^^BD x ADm^x^ x i5Bq,ti,ss540 Mq.ti,; and area cf 
L ADO^Bxea, of A if j6c>aiea of ^ifBDs(1170- 540) sq. ft. s680sq. ft. 

88. Bere AB^BC^CD^DA^zlOO fir, AE=eO ft, 
BE^eOft. Now80»+60»=100"; .\ AB^^AE^-^EB*; 
/. I AEB is a right angle (Bno. I. 48); .*. area of 

LAEBzsiAExEB»ixS0xeOa(i.ti.»^24O0§q.ti. f 

But area ot£kAEB=i EFxAB=i60tt, x EF; 

.-. 50 ft. xJE;jPa 2400 sq.ft. ; 

.'. E^=2400sq.ft.-f-50ft.=48ft., 

.% EG=FG'FE=zAD'FE (Ena I. 84) -(100 -48) ft. -52 ft.; 

.'. areaof Ai)£C=ix2>(7x iSGa^x 100x52 sq.ft.=2600 sq.ft. 

Again (by Euo. I. 47), AF=^{AE*'EF^=J\{AE+EF) (AE^EF)} 
=^(108xl2sq.ft.)=V(9xl2xl2sq.ft.)=8xl2ft.B86ft.«i;lr(byEac.I.84), 

.'. area of Ail£DsiXifDx£H=sixl00x86sq. ft.-18008q. ft. 

liasUy, EK=UK'HE=^AB'HE (Euo. I. 84) =(100 -86) ft. a 64 ft.; 

.-. areaof A^£Os}xBax£jrsixl00x648q.ft.s8200sq.ft. 

84. Here AD^lSfi.,DE=6 ft., DF^ 10*4 ft. 
(By Euo. L 47)il^ = tJiAD' - DE^ ^^i{AJ)-¥DE){AD ^DE)} 

z^ljllS ft. X 8 ft.) -^(144 sq. ftOsl2 ft. Now from similar . 
A- ADB and ADE, (by Euo. VI. 8 Cor.) AB : AD :: AD i AE; ^ 
.*. AB^AD^^AE = 169 sq. ft. -{-12 ft. « V/ 't« Again 

DB DAiiDEiAE; 
/. i>B=:Dilxi)£+XE;al8x5sq.ft.-fl2ft.-})ft. 
(By Euo. 1. 47) i^F=V(^D«-Di^'«)=:^/{(i^D+DF) (AD-DF)} 
8^(23*4 ft. X 2*6 ft.) =^/(60'84 sq. ft.) » 7*8 ft. Now from similar 
A- ADO and iiD^, (by Euo. YL 8 Cor.) AC : AD :: AD : AF ; 

.'. AC siAD^-i-AF ==169 n- ft.-»-7-8ft.8 2-6x65sq.ft.4-2*6x8ft.=V't*; 
taidDO tDAiiDFi AF; .•. DO^DAx DF-^AF» 18 x 10-4 sq, ft. H-7-8 ft. 

«18x4x2'6sq.ft.+8x2'6ft.-Vft.; 

.-. PC=:PD+DC»(H+ V) ft- BWft.=4^ft. Gathering np these results, 
we have AB=^ ft., AC^^ ft., BD=HK, D(7» Vft* Lastly, 

area of a ^IBCsi BC x iiD-i x V x IB sq. ft. - JJ/^ sq. ft. » 147} sq. ft. 

85. Area of fleld-i x 1166 x 788 sq. Iks. ^^^ ^ '^^ 




2 X 100,000 
rent of this no. of aores is £24, the rent of one aere 

1166x788 4300^000 
°* "*" 200,000 860,608 * 

which equals £5. 11#. 6{<l. nearly. 



ao. Now since 
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86. Area of field 

= i n/[{(*40 + S60)« sq. ydi. - 760* aq. yds. ) {760* sq. yds. - (440 - 850)« sq. yds. >] 

=i Vi(790«-760«) sq. yds. x (760«-90a) sq. yds.} 

=i V(l540 X 40 sq. yds. x 840 x 660 sq. yds.) 

=iv{(10x22x7)x(10x4)sq.yds.x(10x4x7x3)x(10x22x8)sq.yds.} 

= I ^(10» X 10* X 22» sq. yds. x 7» x 4* x 3« sq. yds.) 

=i X iO X 10 X 22 X 7 X 4 X 3 sq. yds.=46200 sq. yds.=i^;^ M.=ifff-ao. 

Now since rent of^^^ac, is £26. Ba,, ie. £^^, 
the rent of 1 ao. =£^5- x ^^^=£^^=£2. 15«. 

87. Area of A 

= } n/[{(84 + 72)9 Bq. in. - 60« sq. in.} {60» sq. in. - (84 - 72)« sq. in.}] 

= 1 V{(166» - 60») sq. in. x (60» - 12«) sq. in.} 

=:i ^(216 X 96 sq. in. X 72 X 48 sq. in.) 

= i n/{(36 x 6) X (16 X 6) sq. in. X (12 x 6) X (12 X 4) sq. ia} 

=i ^(6* X 6« X 4« sq. in. X 12» X 2» X 6 sq. in.) 

=i X 6 X 6 X 4 X 12 X 2 X ^6 sq. in.=864 X 2*449 sq. in. nearly, 

s:2115'9 sq. in.=21168q. in. to the nearest inch. 

88. Here iiB=200yds.» JBa=100yds.; .*. area of 
^ABC=iBC xAB=ix 100 x 200 sq. yds.=10,000 sq. yds. 

Now(byEuc.I.47)ilC=^/(i4B»+BC*)=^|(200a+1009)sq.yds.} 

:=l/{10(fl (2«+ 1) sq. yds.}= 100 ^6 yds. 
Now area of ^ ABC also=i ilC xDB=: 50^/5 yds. xDB; 
.•♦ 60 J5 yds. xDB = 10,000 sq. yds. ; 

^^ ^/^r^/^/^ ^ r^ /.^ 3 10,000 _ 200 , 

.'. DB = 10,000 sq. yds. -f-50 ^6 yds. =-r^-^ yds. =-yg yds. 

and (by Euc. VI. 8 Cor.) DA : AB :: AB : AC; 

T^^ >.T>t. jrr 40,000 , 400 , «^ ,^ , 
••. J^i4=i4B«-^iia=J~-^yds.=■-^yds.B80^6yd8• 

.-. area of £i^ ABB =i AD xDB =ixQ0,J5 x 40 ^5 sq. yds. 

=40 X 40 X 6 sq. ydB.=s8000 sq. yds. 
.'. areaof AjB2)C=areaof A^BC-areaof AilDB 

= (10,000 - 8000) sq. yds. = 2000 sq. yds. 

39. Let a, c, h, be the sides of the triangle. Then, by hyp., 
a : & :: 6 : 13; .'. b=^a; and a : c :: 6 : 12; .*. c=V-<'^t 
.•. a'+c*=a3+(^a)2=V3*a*; but 6* alsosJ^^a'; wherefore the triangle 
is right angled (Euo. I. 48). Now, perimeter of triangle 

=:a+h+c=a+^+^a^^=:{hyhjp.)60ydB.=:U0it.i .-. o=26ft.; 

.•. c=V«=Vx26ft.r=60ft.; 
/. areaof triangle~ixaxc=ix26ft. x60ft.=26x80sq. ft.a7608q. ft. 
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40. Let o^ c, &, be the rides of the tziaiigle« Then, by hyp., 
a:&:: 18 :15; .*. bss^a; and a :6::18 : 14; •*• e^Ha, 

Now perimeter of triangle 

=a+6+c=a+Ha+H a=«a=(by hyp.) 70ydfl.B=210ft ; 
.-. a=210ft.xH=66ft.; .-. b=Hxe6ti.=75it,aiide^iix65ii.^70{L; 
•'. area of triangle 

=iN/[{(76+70)»Bq. ft.-66»flq. ft.} {66«Bq. ft. - (76 - 70)» Bq. ft.}] 

= i >/{ (146« - 66>) sq. ft. x (662 _ 52) gq. ft. j 

»i ^{210 X 80 sq. ft. X 70 X 60 sq. ft.} 

=i^/{(70x8)x(4x20)sq. ft.x70x20x8Bq.ft.} 

= J V(70» X 3» sq. ft. X 2« X 20« sq. ft.) = J x 70 x 3 x 2 x 20 sq. ft.=2100 sq. ft. 

41. Let ABDEG represent the gable end. Then A 

AF=12U„ jBC=27ft., BD=33ft.; y^^]\^ 

.-. areaof ^PDE(7=area of A .iBC+ area of rectangle B£ 

^ixBCxAF+BDxBC=Bc(^+BD\==27n.^6+^S)ft. 

=27 X 39 sq. ft.=9 x 13 sq. yds. =117 sq. yds. ; 
.\ 0O8t=:117xl«. 9d. = 117x£^=£Vi^=£10. 4t. 9d. 

42. Here 293S=285>+68*; wherefore (Enc. L 48), the triangle is right- 
angled. Hence (by Euo. UL 31), the hypothennse of this triangle is the 
diameter of the drole ciroomsoribing the triangle; •*. Diam. of dronm- 
scribing circle =293. 

43. Here ^B=99, AC =125, BC=136. Describe the 
oirde ABEC abont the trian§^e ABC (by Enc. lY. 5). 
Draw the diameter AE, which we are required to find. 
Draw AD perpendicular to BC (Euo. 1. 12), and join CE. 

AreaofA.iBC7=iV[{(186+126)«-99«}{99»-(136-126)«}] 

=iN/{(261«-99») (99»- 112)} =i V(360 x 162 x UOx 88) 

=4^(10x36x2x81x10x11x11x4x2) 

=iN/(10«x6»x2«x9"xll»x2») 

=ixlOx 6x2x9x11x2=60x99. 

Now, from similar A" ABD and AEC, (which are similar because by 
Euo. HI. 31, I ACE is A right angle and is .*. = z ADB, and z ABD = z AEC, 
by Euc. HL 21 ; .*. by Euo. L 82, and Az. 3, z BAD=l CAE), we have (by 

AB ycAG 
Eua VL 4) ^E : AC :: AB : AD; .-. ^E= ~^ ; and multiplying the 

nomerator and denominator of this fraction by BC, we have 

.„ ABxACxBC 

^^° ADxBC ' 

but AD X BC=2 area of A i(BC7=2 x 60x99; 




AE=^ 



99x125x136 



2x60x99 



=ift=l41|. 
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CHAPTEBXIY. 
1. Here £(7=60-06 ft., il^s 10*12 ft., DF«8'4ft. 
Area of ABCD^aaea. of A ABC+ area of A JBD(7 
=JJBC7xiLE+iBaxDF=iBC(XB+DJ0 

= ^^ ft. (10-12 + 8'4) ft. = 26-04 ft. x 18-62 ft. 

=463-7408 sq.ft. 

6. (Asml):^(.4^+DF)=areaof^J!Da; 

.-. ^ch. {AE+FD)=:37 ac. 1 rood 16po.=W- ao. 

=J^ X 10 sq. ch. =-4i sq. ch. ; 

.'. ^E -^FD^lir sq. yds. x ^ ch. s^ ch. = 29-88 ch. 

7. Let ^BCD be the trapezoid. Then AD=zB ft., 
BC=5 ft., HE=DG=10 ft. Draw DF parallel to AB 
(Euo. L 81); .-. (by Euo. I. 34) BF=:AD=:S{t; 

.-. J'C=BC-BJ?=(5-3)ft=2ft.; 

.*. area of trapezoid ABCD 

=area of ADJ^C+area of parallelogram >iBJD 

=:iFCxDQ-^BFxHE=iFCxDG+BFxDG 

BG-k-AD 




^dgC 



2 
= i>Gx 




2 



= 10 fix^^—=10ft.x4ft.«40 sq.ft. 

(N^ote. Hence area of a trapezoid = half the smn of the parallel sides 
x perpendicnlar distance between them according to the Bnle giyen in Art. 
161 of the Mensuration.) 

13. (As in 7), area of trapezoid 

=1,0 X ^^±^= i)(J X ?*^=D0 X 121 yds. 5 

.-. DGxl21yds.=3|ac.=¥a<5-=¥5<4840sq. yds.=26x6068q.yds.; 

^^ 25x606 , -„- , 

.-. DG=— Y2i~y^-=^2^y^* 

15. Here ^D=3ft., JBC=6ft., DG=10 ft. (vide diag. to 7); 

D0=0G=JDG=6ft. 

Draw DF parallel to AB-, .-. (by Euo. I. 34) BF=zKL-=^AJ):=^U,\ and 
from similar A" DLlf and DFG we have (as in Chapter YI. 12) 

Xlf=iJFa=ix2ft. (videno. 7)=lft.; 

rriu, ITT TILT T.r,.^^ ^BF+FG AD + BF+FG _ AD+BG 
/. KM=KL'¥LM=BF+ -^ =i ^ = g c= 2 



3ft. + 6ft. 
2 



»4ft.; 
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.'. area of AKMD-DO x „ — =5 ft. x ^ — • 



and area of 



= 6 X i Bq. ft. = V sq« ft- = 17J sq. ft. ; 



^BCilf==0ax^|^=6ft. xi^:±^'=6ft.x|ft.=-*^sq. ft.==22j8^ 

{Note. Hence the line joining the bisections of the oblique sides of a 
trapezoid is equal to half the sum of the parallel sides of the trapezoid.) 

16. Here AD=li yds., BCsz 20 yds., 
ilJf=12yds., AK=:KL=LM=iAM=4yda. 



Now (as was shewn in 16) Gfl"= ^ — , and 



2 



EF=z 



AD+G H 
2 



=i (ad-^ 



EF-hB 



")' 




^ 




B 



M 



EF+BG 
.•. 2EJ?'=^D+ ^ — ; 4EF=2AD+ EF+BG; SEF=2AD+BG; 

ana GH=^£+^ = l«I*2l+20ya8,^j3 
A 2 



>*. area 



rf^fZ)=^^x^=MZaL+li2^- x4yai,. 



b15 x4 sq. yds.=60 sq. yds.; 

tiPriTTrP -E^+^^wirr 16 yds. + 18 yds. . _ 
area of EGHF= ^ — xaL = — ^^^ — ^ — - — x4yds. 

=17 X 4 sq. yds. =68 sq. yds. 

T *i #/3T>A7rr ^^+^^^T*r 18 yds. 4- 20 yds. , ^ 
Lastly area of GBGH= ^ ^ Xlf = — - — 5 — - — x 4 yds. 

= 19 yds. X 4 yds. = 76 sq. yds. 
{Note. Hence, if in a trapezoid two straight lines are drawn across the 
figure parallel to ihe parallel sides, and dividing each of the other sides into 
three equal parts, the smaller of the two former straight lines is equal to ^ 
of the sum of twice the smaller parallel side and Ihe other parallel side; 
and the longer of the two straight lines is equal to ^ of the sum of twice 
the longer parallel side and the other parallel side.) 

17. Here ilO=:26ft., DB= 24 ft., and angles at 
E are right angles; area of ABCD=axe& of 

£iABG+tite&ot£!iADG^ixACxEB+iAGxDE 

s::iAG(DE+EB)^iAGxDB^ix2Qii.x24tU. 

=312 sq.ft. 

18. Let ABGD be a rhombns, of which 

ilCsllOyds., BDs88yd8. 
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Now (Eao. I. 8, 4, and Def. 10) angles at JSI are right 
angles. Then (as in preceding), area of ABCD 

=iACxDB=i X 110 X 88 sq. 7ds.=4840 sq. yds. =1 ac. 

19. (Vide diag. to 18). Here AC=Qi yds., JBD=86yds.: 
.•• areaofilBCD=ix64x86sq. yds.=:1162sq. yds. 

.-. cost of tnrfing^ll52 x 4({.=1152 x £^=£^=£19. it. 

20. (Vide diag. to 18). Here area of ABCD s 52204 sq. ft., and 

BD = 248 ft. ; Beqnired AC, 
Now area of ABCD=i xACx BD^AC x 124ft.=(by hyp.) 62204 sq. ft. ; 

.% iia=»-HiAft.=42iit. 

21. Here.4B=28ft.,BC7=46ft., CD=61ft.,D^=62ft., 
and ilC=68ft. Now 63a=289+46«; .-. AC*=AB^^BC^\ 
.*. z ABC is a right l (Eao. I. 48) ; .*. area of 

A ^BC= J X iiB X BC7= J X 28 ft. x 46 ft. = 630 sq. ft. ; 
and area of AilDC=J^/[{684-62)3Bq. ft. -51«sq. ft.} 

{ 613 gq. ft. ^ (53 . 52)« sq. ft.}] 
=1 V{(105»-51«) sq. ft. X (612-1) sq. ft.} 
=i V(156 X 64 sq. ft. X 52 X 60 sq. ft.) 
=iN/(62 X 8 x9 x8 x2 sq. ft. x52 X 26x2 sq. ft.) 
=isl\^^ X 3^ X 32 X 2* X 53 sq. ft.) 
=:Jx52x8x3x2x6sq. ft.=1170sq. ft. ; 
.'. area(^^BCD=areaof AilBC+areaof A^D(7=:(630+1170)8q. ft. 

ssl800sq. ft. 

22. HereilB=48Gh.,£C7=20ch.,il(7=:52ch.,JDE=30ch. 

Now 623=482+20*; .-. AC^=^AB^+BC^\ wherefore z ilBC 
is a rt. z ; .*. area of ilBCD=area of A ilBC+ area oit^ADC 

= J -4B X BC7+i-4C X DE= J X 48 X 20 sq. ch, 

+ i X 52 X 30 sq. ch. =1260sq. ch. 

23. Here ^B=27ft., BC=36ft., CD=30ft., Dii=26ft., 
and z ABC is a rt. z. ( By Enc. I. 47) 

ilC=^/(-4B«+BC2)=^(273+362) sq. ft.=A/{9« (8»+43) sq. ft.} 

=V(92x26Bq. ft.)=9x6ft.=45ft.; 
Now area of A -4B(7= J xBCx i(B« J x 36 x 27 sq. ft.=486 sq.ft. 
and area of A ilDC= J^/[{(30+25)2 sq. ft -45« sq. ft.} 

{452 sq. ft.-(30-25)«sq. ft.}]=:JV{(S53-46«)sq. f t. x (46* - 62) sq. ft} 

=2^(100 X 10 sq. ft. X 60 X 40 sq. ft) 

=1^(100 X 10 sq. ft X 2 X 25 X 10 X 4 sq. ft.) 

=JV(102xl02x62x2*x2sq.ft)=ixl0xl0x6x2^2sq. ft 

b250 X 1*414213 sq. ft.=363'553 sq. ft. nearly, 

area of iiBCD^ (486 +368*563) sq. a =839*663 sq. ft 




A 

B C 
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24. "RerBAB^BC^Sit, z^BC7»600,CD=4ft.,ilD=8ft. 
(By Euo. I. 5, 6 and 82), the triangle ABO is equilateral; hence 
AB'^BC=AC=5{t; again 62= 4»+8a; .\ AC'^CD^+Ajy; 
.*• /. ADC is a rt. angle (Eac. 1. 48) ; ••• area of 

A4D(7=HiilDxD(7=ix8x4sq. ft.=6sq.ft. b e o 

Now draw AE perpendicular to SC (Eac. 1. 12); then (by Ena I. 5, and 
26) BE=:EC=iBOi .\ BE^=iBC*:=^iAB^i .-. (Euc. I. 47) 

AE=^(AB»^BE^«»J(AB^-iAB^=^{iAB^^'^ ^S; 
.*. area of eqnil. A ABC 

AID JW 

=iBax.iJS;=J,4Bx^V8-'^V8=Vxl-782Bq.ft.=:10-826Bq.a; 

.*. area of ilBCD= (10*825 +6) sq. ft. ~ 16*825 sq. ft 

sid^ 
{Note, Hence, the area of an equilateral As-^ ^^8. See Article 65, 

Example (2) of the Mensuration.) 

26. Here.iD=80ft.,Ba=92ft., ^ 

^B=DC= 10 ft. / 7\ 

Draw DE parallel to AB (Eua I. 81), and DF J- /4\ 

perpendiculaj to EC (Euc. 1. 12). e f o 

.'. EC^BC-BE^BC'AD (Euc L 84)=(92-80) ft.=12 ft.; 

and DE=AB (Euc. I. 84)=DC (by hyp.)=10ft.; .-. DE=10ft,; .«. (by 
Eua L 26) EF=FC=:iEC=^6(t. Now (by Euc. L 47) 

DJF=VPEa-£jp'«)=V{(100-86) sq. ft.}=V(64sq. ft.)=8fl,; 
/• area of il BCD 

^d^xI)P-2^1^^-x8ft..86x8sq.ft.«688sq.ft. 

26. Here ^B=846ft., Ba»618ft.» 
CD=:810ft., and z DAB is a rt. Z . 

Draw CE perpendicular to AB (Eua 1. 12) ; 
.'. EBz^AB'AE^AB-CD (Eua I. 84) 

=(846-810) ft. =86 ft.; 
now (by Euo. I. 47) CE^^iBC^-BE^) 
=^/^ (618 + 36) ft. X (618 - 36) ft. } =^(648 x 678 sq. ft.) 

=^{(4x81x2)x(2xl7xl7)sq. ft.}s=V(2«x9«x2«xl7«sq. ft.) 

=2x9x2xl7ft.=612fl.; 

.% area of ^BCD-^^^i^x OE^U/JLx612 sq. ft.=606480sq. ft. 
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27. Here ^B=165ft., C2>=123 ft., Ci^^lOO and 
il£si (XB - CD)=si (165- 128) a =2111. 
.'. £Bs^B-iLE»(165-21)ft.=144ft.; 

•'. area of 
A£BC=iEBxFCrs}xl44xl008q.ft.=72008q.ft.; 

and azea of -4D(7J5=^^i^ x FC=?i^tl^ ft. x 100 fl. =7200 eq. ft. 

28. Let ilB(7D be a rhombus, so tbat BD=234ft., 
^C=88ft.; .•.areaof-iJBCD=iBDxilC(videl7andl8), 
==ix234x88flq. ft. = 10296 sq. ft. (Now by Eao. I. 8, 
4, and del 10), the angles at F are right angles, and 
BF=FD=:iBD=:llltt,, and similarly 

AF=:FC=iAC=iift.; .-. (by Eue. I. 47), 

utB=^(ill''+FB«) = ^{(1936 + 13689) sq. ft.} =^/(16626 sq. ft.) = 125 ft. 

Lastly, (by Buo.L8),A,4J5C=A-4i)(7; ••. areaof ilBCD=2 areaof uiBC 

= 2 =-4JSx 125 ft. =(as we have fonnd above) 10296 sq. ft; 

••• ulE = 10296 sq.ft.-^125 ft. =82-368 ft. 

29. The other diagonal » 2 area-h672 ft. (vide 20) 

«854144sq. ft.-s-336ft.:=1054ft. 
The side and the height may now be found as in Example 28. 

80. Here.i£»228ft.,BC7=704ft., ZulBCisarkangle, 

AD=DC, and z i(DC=60». 

Now (by Ene. L 5, 82, and 6), A ADO is equilateral; 
.-. AD^DCi=AC; and (by Eua L 47) AC=^{AB*-\-B(P) 

==^{(51984+495616) sq. ft.} =^(547600 sq. ft.)=740sq. ft. 

AC* 
.-. BieAoiABCD^iBCxAB+^^S (vide 24) 

= (114x704+»AyAA^8) sq. ft. = (80256 +186900^/8) sq. ft 




GHAPTEB XV. 

1. Axe&ot ABODE 

area of A ABC-\-taea, of A ACD+axesk oiAADE 
iAOxBF-^iACxDQ+lADxEH ^ 



( 



16x8*4 16x4-6 . 12x5 

+ t% + 



j sq. ft. 



2*2*2 
s (67*2 +86-8 +80) sq. ftsl84sq. ft 
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2. LK=DA''{DL'^KA) 

=16-3ft.-(3-9+2-7)ft.=(15-8-6-6)fi=8-7ft. 

Area of ABCDE=s9aetk of ADI.C7+area oi 
trapezoid CLKB + area of A ABK+ area of A ilED 



2 



xL^ 



+iBKxAK+iADxEM 
= f 10-725 + ^ X 8-7 + 10-28 + 82-895^ Bq. ft. 

n= 110-865 sq. ft. 



(■ 





8. KL^AD-{AK+DL) 

= 18-4 ft -(4-7 +6-3) ft. =8-4 ft,; and 

ilfZ»r=ilD - (^W'+Dlf ) =18-4ft. - (4-1 + 4-9)ft. = d-4 ft.; 

.*. area of ABCDEF=:ate& of dkANF-haxetk of trape- 
zoid FNME+are& of A JE71fD+area of Ail2CB+area 
of trapezoid 2rBCL+ area of A DLO 

=iANxNF+?^^^xMN+iMDxME 

-k-iAKxEB-V^^^—^xKL+lLLxLC 

= rix4-lx4+i±^x9-4+ix4-9x6+ix4-7x6+^x8-4+Jx5-3x7^6q.ft. 

« (8-2 + 47 +14-7 + 11-75 + 60-4+ 18-65) sq. ft.=:150-6 sq. ft. 

4. From A draw AG perpendicular to BF, Then a 

(by Euc. L 5 and 26) BG=GiJ^=iBJP'=32-2ft. 

.-. (by Euc. I. 47) AG=^(AB^-BG^) 

=n/{ (67-8 + 32-2) (67-8 - 32-2) sq. ft. } =^(90 x 25-6 sq. ft.) ® 

=^(2304 sq. ft.) =48 ft. ; and (by Euc. I. 8) 

A^BF=ACDE; .•. I^ABF+ACDE^2aABF; c 

•*. area of ABCDEF= area of A ABF+ area of A CDE + area of rectangle BE 

=^ix2>cBFxAG+BFxBC=zBF(Aa+BC)=^U'^{4B+B7'S)B(i.ft. 

s 6813-52 sq.ft. 



5. Join A, D. Then (by Euo. 1. 47) 
AD=^(DE»+AE^=:^{{1U+2S) sq. ft. } 

=V(169sq. ft.)=13ft. 
Now area of A^ED=i x AE x ED 

s } X 5 X 12 sq. ft.=:30 sq. ft.; 
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and azea of A ABO 

=i>/[{(18+10)»sq. ft.-17«sq. ft}{17«sq. ft.-(lS-10)«Bq.ft.}] 

e i ^{ (23» - 17«) sq. ft. X (17« - 8*) sq. ft.} 
£=iV{iOx6Bq. ft. X 20 xU sq.ft.} 
s i ^(20 X 2 X 2 X 8 Bq. fi X 20 X 14 sq. ft.) 
=10^/42 sq. ft. = 10 X 6-48074 sq. ft. = 64-8074; 
andareaof AiiB(7=JV[{(17 + 14)»-7»}sq. ft. x {7«-(17-14)«} sq. ft.] 
=iV{(31'-7«)Bq. ft.x(7«-8«)Bq. ft.}=:JV{(38x24 sq.ft.) x(10x48q. ft.)} 

=i^(38x4x6sq. ft. xl0x4Bq. ft.)=^/2280 8q. ft. b 47*7493 sq. ft.; 
A area of ii^CDE= (80 +64-8074 +47-7493) sq. ft.»142-5567 sq. ft. 

=142*557 sq. ft. nearly. 

6. (Vide diag. to the following.) It is proved in Eno. lY. 15, that 
L*AOB, BOG, COD, DOE, EOF, and FOA are all equal equilateral A'; 
.-. the sum of their areass6 x area of one of them; 

.-. area of ABCDEF=Q x area of L COD 

=6x^^/3=6x^xl•73205Bq. ft. = 1039 -23 sq. ft. 

Or; it is shown in Art. 167 of the Mensuration that the area of a hexagon* 
whose side is one foot, is |i^8; therefore the area of a hexagon whose side is 
20feet, is20>x|^/3. 

7. It is proved in Euo. IV. 16, that CD=OC 
=i diameter of circle =50 ft. .*. (as in preceding) area 
of ABCDEF= 6 x ^^ ^/3 sq. ft. = 3760 x 1-73206 sq. ft. 
=6495-1876 sq. ft. =6495-2 sq. ft. nearly. 

8. (As in 6) area of field=6 x ^^^8 sq. oh. 

= 160 X 1*78205 sq. oh. = 259'8075 sq. oh. = 269*81 sq. ch. 

nearly. 

9. Join the angular points A, B, C, 2), E, F, G, 
and H to 0, the centre of the circle. Then (by Euo. 1. 8), 
the eight A- ilOB, BOG, COD, DOE, EOF, FOO, GOH, 
and HO A are all equal to one another; and .*. area of 
octagon=8xarea of A AOB. Now join A, C. (By 
Euc. I. 8, 4), the angles at K are right angles, and 
KA =sKG=\AG. But angle AOG is also a right angle 
as the arc ilC is one-fourth of the circumference, 

.-. AG (by Euc. I. 47)=^/(40»+0Ca)=^/(40»+ii02) 

'.AK^'^iU 





=^/2^0«=iiO^/2=lft. x^2=^/2ft.; 



.-. areaof AiiOB=iOBxi4r=ixlft.x^ft.=^sq. ft.; 
•% area of the octagon = 8 x ^ sq. ft. = 2/^/2 sq. ft. 
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IOl Lei BEDO be a drde, the 
xadiiuofwhicb,XBslft. LetBCbe 
the side of a regular hexagon inscribed 
(by Enc. IV. 15) in the drde. Then 
BC=AB^1 ft. (Tide Ene. IV. 16). 
Draw AO perpendicular ioAO (Enc. I. 
12), and produce it to meet the dream- 
ference in 2). Then (by Enc. IIL 2), 
B0«0C7=JPC=ift. Join B, D; 
then (by Enc. IIL 28), it may be 
shewn Uiat arc BED=axo DC=ii arc 
BDC, But 1^ conBtmction, arc 
BDC=\ of the whole circumference of 
the circle; .'. arc BED=i^ of the 
whole circumference. Hence BD is 
the side of a regular duodecagon in- 
scribed in the circle. In the same 
manner, by drawing AX perpendicular to BD, and producing it to meet the 
circumference in E^ it may be shewn that BX= XD=\BD, Now join B, £, 
and BE is the side of a regular polygon of 24 sides inscribed in the circle. 
And (as in 6 and 9) we can shew that area of this polygon = 24 x area of 
A ABE. (By Enc. L 47), 

iio=v(^B«-BO»)=V{(i-i)*q. ft.}=^/(!8q. ft.)=^ft-; 

/. OD=ilD-ilO=(l-^) ft.=:?:^ft.; 

.-. BI^^iBO^^-OBf*)^ (k ft.)»+ (^^ ft.y=J Bq. ft. + t::l^±l8q. ft. 

=^^^|^sq.ft.=(2 -^3)sq. ft. = (2- 1-732050803) sq. ft. = -267949197 sq. ft.; 

.-. BD=iy(-267949197sq.ft.)=-51764ft.; .-. BZ=iBD= -25882 ft. 
Now area of AilB^B^^E xBZ=:}xlx -25882 sq.ft.=-12941 sq.fi; 
.-. area of the regular polygon of 24 sides » 24 x -12941 sq. ft. =3 '10584 sq. ft. 

Or; it is shown in Art. 99 of the Mensuration, by successiye calculation, 
that BB = -51764 ft. ; and the solution may be completed as above. 

CHAPTEB X7L 

1. Areaof circ]e=V>(21'8q- ft.=22x3 x 21 sq. ft =1386 sq. ffc. 

4. Area of circle=3-1416 x 25* sq. ft.»8-1416 x 625 sq. ft. =1963*5 sq. ft. 

7. Area= V" ^ nidius' ; 

»-• radius'=area X ,V=100 sq. ft. x /t= W ^q* ffc. »31*8i sq. ft. 
.-. radius=V(31-6i sq. ft.)»5-64ft. 



area 



500 



10. (Asia7) »diu8»=g^ = g^sq. ft. = 159164570 sq. ft.; 
.% radiussV(^9'1^^70sq. ft.) » 12 -616 ft. 
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18. Areaof ring s area of outer oizde- area of inner drele 
r=8*14l6x 16>8q. ft.-8*1416x 14>8q. ft.»81416 (16*-14>) sq. ft 

s 8*1416 (16 +14) (16- 14) sq. ft.-8*1416x80x2 8q. ft. = 188*496 sq. ffc. 

16. Area of outer circles area of ring + area of inner cirdeslOO sq. in. 
+ 3*1416 X 14^ eq. in. = (100 + 616*7586) sq. in. « 715*7686 sq. in. ; but radios* 
of outer circle (as in 7)= area of outer cinsle-T-8'1416 

as 716*7536 sq. in. h-3'1416« 227*880914 sq. in. ; 

,*. radius of outer circle » ^(227*880914 sq. in.) =16*094 in. 

17. Area of inner circle s area of outer drole - area of ring 

« 8*1416 X 18* sq. ft. - 800 sq. ft. = (1017*8784 - 800) sq. ft. = 717*8784 sq. ft. ; 
•*. (as in preceding) radius of inner circle 

=^(717*8784 sq. ft. -i-8*1416) =^/(228•607268 sq. ft.) = 16-116 ft. 

18. Area of whole circle=28 sq. yds. =28 x 9 sq. ft. ; 

.*. radius=^/(28x 9 sq.ft. +81416) =^(80-218903Bq. ft.)=8*966a 

19. Circum. = 2 x 8*1416 x radius ; 

-. drcum. 700 ^ 850 ^^ 

.-. 'MiiW-27M416"27»a4l6"''^8l4l6'*'' 

M . , «^.*« / 860 .^V o,^^* 860x860 .^ 

.*. area of circles 8*1416 x(^g:jjj5 ft. j « 8*1416 Xg:jjj^j3j^:jjjg sq.ft. 

122600 «onn« ^ 

"30416=^®^^®*^-^ 
Or; use the rule in Art. 176 of the Mensuration ; 

700» _ 122600_ 

4x3*1416 3*1416 

21. Badius=V(f^^-^8*1416)(videl0) 

B^/(i aa +8*1416) = VC^^^ >< ^ sq. ft. +8*1416), 

.•. circum. = 2 x 8*1416 x ^ ^^^ ft. = 2 x J3l416x J(2420 x 9) ft. 

^/8*1416 
c=^(4 X 8*1416 X 2420 x 9) ft. =^(273696*1920) ft. = 528*16 ft. nearly. 

22. Area of rectangle = 400 x 266 = (by hyp.) area of drde ; 

.*. radius of oirole=(400x 266+3*1416) 
.'. circum. = 2 x 3*1416 x ^/(400 x 266 + 3*1416) 

= (as in 21) ^(4 x 3*1416 x 400 x 266) =^(1286799*36) = 1134*4 nearly. 

23. Area of 1** circle =3*1416x8* sq.ft.; 

.'. area of 2^ drde » } x 3*1416 x 8' sq. ft. ; 

.% radius of latter =^( J x 3*1416 x8»sq. ft.+3*1416) =^(1^ sq.ft. j 

«4ft.=-4^\-ft.=^ft.=4xl*4142ft.=6*657 ft. nearly. 

ija fuJJi X i^A A 
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24. BadiuB requirecl = ^ (— sq. in. j (vide preceding) =^/(^|^ sq. in.) 

= V(64-8 sq. in. ) = 8-05 in. nearly, 

25. Area of OEK=^ area of ABC ; 

and area of DEF=i area of ^BC; 

.-. radius of GHK= a/( j- sq- in.) (vide 23) =t V n/3 in. 
=: V^ X 1-732 in. = 5*77 in. , and radius of DBF 
= a/( — ^ sq.in. j =^2 x 6-77 in.=8-16in. 

26. Area of whole room 
=area of rectangleilO'+area of semicircle EGF 
= (26i X 14i) sq. ft. + i X 3-1416 x (5^)2 sq. ft. 

/,n, ««v *x 3-1416x441 
= (ioi X V) sq. ft. + ^^ sq. ft. 

= («i^+ .3927 X 441) sq. ft. 

= (366-125 + 173-1807) sq. ft. = 639 '3067 sq. ft. 

27. Area of plate 
=3-1416 X (f ft.)«=3-1416 X 18^ sq. in. ; 




•*. pressure = 3-1416 x 18 x 18 x 16 lbs. 



3-1 416 X 18 X 18 X 15 
28x4 



cwt. 




= -1122 X 9 X 9 X 15 cwt. =136-323 cwt. =136 cwt. nearly. 

28. Area of court = 3-1416 x 20' sq. ft. = 3-1416 x 400 sq. ft. ; 
/. expense of paving = 3-1416 x 400 x 2«. 3d. = 3-1416 x 400 x £^ 

=3-1416 X £45 =£141-372 =£141. 7-44«. 

«/. TT ^T. 68ft. lOin. ^,,.^ 

29. Here GB= =-Vi^ft.; 

andBC=22in. =Vft-; .*. CG=(-\V-+Wft.=itlft. 
We are required to find area of the ring enclosed between 
the circumferences of circles ABD and ECF» The area of 
this ring = area of circle ECF -SLrea, of circle ABD 

=3-1416 X (i^ft.)2- 3-1416 X (^tt.)^ 

= 3-1416 X (A^i + W) X (i^i - -V^) sq. ft. = 3-1416 x AJ^ x ^ sq. ft. 

•5236x2332 .^ 1221-0352 ^^ ,^„ ^^ ^ 

a= 5 sq. ft. = 5 sq. ft. = 407-01 sq. ft. nearly. 

o «> 

30. (Vide diag. to preceding.) Here CQ = 60 ft., BC= 10 ft. ; 

.-. BG=C7(?-CB = (50-10)ft. = 40ft.; 
.*. area of circular ride = area of circle ECF-Aie& of circle ABD 
= 3*1416 X 60« sq. ft, - 3-1416 x 40^ sq. ft. = 3-1416 (502 _ 402) gq. ft. 

=3 -1416x90x10 sq.ft.; 
C. cost =3 -1416 x 90 X 10 x 4d.= 3-1416 x 90 x 10 x £,V= £^7*124 =£47. 2-48«. 

T. M. K. 3 
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SI. Here ciroular ring enclosed between the oir- 
cnmferenoes of the circles GCH and EBF, represents 
the gravel walk. Hence JD^ 8 20 yds., DCslyd., 
and CB=lyd.; .*. ^B= (20 -2) yds. =18 yds., and 
^ C = (20 - 1) yds. = 19 yds. ; .*. area of gravel walk 

=area of circle GCff - area of circle EBF 

=3-1416 X 19» sq. yds. - S-1416 x 18« sq. yds. 

= 3-1416 (19» - 18*) sq. yds. = 8*1416 x 37 x 1 sq. yds. ; 
**. area of portion to be tnrfed=3*1416 x 20' sq. yds. - 8*1416 x 37 sq. yds. 

=3*1416(400-87) sq. yds. =81416 x 363 sq. yds. ; 
.-. cost of turfing=8*1416 x 363 x 4(2.=31416 x 363 x £A^ 

=£^^^= £19-00668 =£19. 0*. l*6032d.=£19. 0». IJd. nearly. 

32. (Vide diag. to 29.) Here circmn. of £CjF=500ft., and that of 
^BD=420ft.; ,*. GC^^^^^ii. (vide Chap. VIH. 9) = 3-^ ft. ; 

and GB=^ — „ , .^^ ft. = _ ...^ ft. ; .*. area of circular ring or rood 
2 X 3*1416 o*141d 

«^-,« \f 260 \« / 210 \«) ^^ 8-1416 ,„^^, „,^„ 
^^-l^^^^lWe) -(30410; }Bq.ft.=j3:ni^,x(260«-210«)sq.ft. 

1 2300 

= a:^ .Tg X 460 X 40 sq* ft.. = ;g ^-r ^^' ^** = ^66*8 sq. ft. = 6857 sq. ft nearly. 

33. Area of circle = 3*1416 x 80' sq. ft. = 20106*24 sq. ft. = (by hyp.) area 
of square; /. side of square =^(20106*24 sq.ft.) =141*8 sq. ft nearly. 

34. Area o| square =80* sq. ft. =6400 sq. ft. = (by hyp.) area of circle; 
.'. radius of .circle =V(6400sq, ft,-r-3*1416)=g;^ x ^(6400 sq. ft. x3*1416) 

^ 3:m6^ '^(20106*24 sq. ft.)=iggft =46-lft 

35. ' Diam. of circle = side of square (vide Euo. IV. 8) =16 ft.; .*. area of 
space required = area of square - area of circle 

= 16« sq. ft. - 3-1416 x 8* sq. ft. = 8* (2« - 3*1416) sq. ft. = 64-9376 sq. ft. 

36. AC is the diam. of the circle (Euo. IV. 9). Now 
(by Euo. I. ^7) A(P=AB^+BC*=2AB^; 

/. 2lC=i4B^2=18ft.x^2; 
.*. area of space required =3*1416(9^2)' sq. ft. - 18' sq. ft. 
= (3-1416 X 162 ^ 324) sq, ft. ;= (608'9392 - 324) sq. ft. 

= 184*9392 sq.ft. 
87. (By Euc. I. 47.) Hypothenuse 

=^{(27'+43») sq. ft. } =^{(729 + 1849) sq. ft.}=^(2578sq. ft.); 
••. area of circle=3-1416 x {i^/(2578 sq. ft)}'=3-1416 x ^^eq, ft. 

= '7854 X 2678 sq. ft. = 2024*7612 sq. ft = 2024-8 sq. ft. nearly* 
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88. Area of semioiroles) x 8*1416 x ndias9«i x 8*1416 x } of Diam.* 

= '8927 X Diam.* = (by hyp.) 640 Bq. ft. ; 

.*. Diam.B^(645sq. ft.4-*8927)=:V(215sq. ft.-<-*1809) 

B ^(1042*4762 sq. ft.) nearly a 40*52 ft.; 
•*. perimeter of semicircle =circam. of semicircle +dlam. 
« i X 8*1416 X 40*62 ft. + 40*62 ft. = 40*62 (1*5708 + 1) ft. = 40*62 x 2*6708 ft. 

= 104*168816 ft. » 104*2 ft. nearly. 

89. Let A BCD be an equil. A inscribed In the circle 
ABCf the centre of which is D. From D draw DE per- / 
pendicular to BC, and prodnce it to meet the circam. / 
m F, Join JD, C; and 0, F. Now by joining D, A\ I 
and A B, we can shew ihsX t^ADB^LADC^LODB I 
(by Euo. I. rpf. 16 and prop. 8); bat (by Eac. I. 26) V 
LDBC=2lDEC\ .*. whole LADC^^t^DEO, Now \ 
Bince (by hyp.) arc BFC is \ of the whole circnm. of 
circle ^I^C; .*. FC is \ of this circam. (by joining B,F, 
and applying Enc. I. 8 and III. 28) ; .*. FC is the side of a regular hexagon 
inscribed in the circle ABO\ wherefore A DFO is eqailateral (by Euc. IV. 16) 
wherefore DF»FC=DOsal ft. Then (by Euo. 1. 5 and 26) A DEC=LFEO 
s^i^DFCi .'• area of a ABO (see note to Example 24 of Chapter xir.) 

=8 A DFO^mB X ti^. ^8=8 X J ft. x 1*782=8 x '488 ft. = 1*299 sq. ft.; 

and area of circle =8*1416 x (1 ft.)>= 8*1416 sq. ft. ; 
••• area of space required^ (3*1416- 1*299) sq. ft.sl*8426 sq. ft. 

(Not€» Hence area of an eqail. A inscribed in a oircle=8xarea of an 
eqail. A, each of the equal Bides of which is equal to the radius of the circle, 

i. e.t in other words, a 8 x — -. — »Jd, J 

40. To be solved like Example 87. 

41. Perimeter of rectangle » 2 (8 + 7) ft. a 80 ft. s (by hyp.) perimeter, i. e. 
curcum. of circle ; .*. radius of circle » (30 f t.4-2 x 8*1416) = (15 ft. 4-8*1416) ; 

225 225 

.*. area of drole = 8*1416 x 7»:iAr^ *4' ^^* = slllB '^* ^^' ^ ^^*^^ ^' ^^' °®'''^' 

42. Perimeter of A a (18 + 14 + 15) ft. = 42 ft. » perimeter, i, e. dream, of 
eircle; .*. radius of circle^ (42 ft. -$-2x8*1416) = (21 ft.+8*1416); 

21 X 21 21 

••. area of circle— 8'1416 x TuTtti n^a ^' '''"^iiuA *^' '*' " 140*874 sq. ft, 

48. Perimeter of reotangle>B2 (18+10) ft. =66 ft. = perimeter, i.e. cir- 
cam. of circle ; •*• area of circle (as in 41) 

"515^ "^^ '*• '^0661 •^* '*• "^^'^^ •^* '*• • 

and area of rectangle = 18 x 10 sq. ft. = 180 sq. ft. ,* ••• area of oirole > area of 
a rectangle of the same perimeter. 

8—2 



36 mensuration; 

46. Area of A=l^{(10+9)«- 17»} sq. ft x {17«- (10-9)*} sq. ft.] 
=J\/{(19"-17«)8q. ft. X (17«^l«)Bq. ft.} 

= i ^{ (36 X 2) sq. ft. X (18 x 16 sq. ft.) } 

=J^/(36x2Bq. ft. x2x9xl6sq.ft.)=J^/(69x2ax8«x4« sq.ft.) 

= i X 6 X 2 X 3 X 4 sq. f t. = 86 sq. ft. 

Again, perimeter of A = (9 + 10 + 17) ft. = 36 ft. = (by hyp.) perimeter, i. e. 
circam. of circle; .'. area of circle (as in 42) 

= Sffil'^- '^■'^M-S'^- ft-=M8-13Bq. ft.; 
•*. area of circle > area of A of same perimeter. 

47. Area of rectangle=15xl2 sq. ft. = 180 8q. ft.=(by hyp.) area of 
circle; .*. radius of circle =^^(180 sq. ft.-s-8*1416); .*. perimeter, i.e. circum. 

of circle ^ 2 x 8-1416 x jj?^ ft. = J(4 x 3-1416 x 180 sq. ft.) 

^3-1416 

=V(2261-9620sq. ft)=47-66 ft. nearly. 

JBut perimeter of rectangle =2 (15 + 12) ft. =54 ft.; .-. perimeter of circle < 
perimeter of rectangle of same area. 

49, Area of A =J^/[{(6 + 6)«-7•} sq. ft. x {7«^ (6-6)8} gq. ft.] 

=l\/{(ll'-7«)sq. ft.x(7a-l)sq. ft.}=J^(18x4sq. ft. x 8 x 6 sq. ft.) 

=l\/(9x2x4sq. ft.x2x4x6sq. ft.)=JV(3*x2«x4»x6sq. ft.) 

= ix3x2x4^6 sq.ft. =6x2-46 sq.ft. = 14-7sq. ft.; 

.'. (by hyp.) area of circle also = 14*7 sq. ft.; .-. (as in preceding) perimeter 
of circle =^/(4 x 14-7 x 8-1416 sq. ft.) =^(184-72608 sq. ft.) = 13-691 ft. But 
perimeter of A = (5 + 6 + 7) f t. = 18 ft. ; .-. perimeter of circle < perimeter of 
A of same area. 

61. (Vide diag. to 86.) AC or the diam. of the circle 

* ft. = -?4f7 ft. = 1-2732 ft. 



8-1416 -7864 

Now (by Euo. I. 47) AB^+B(P, i.e. 2AB^=A(P={V27d2{t)^; 
.-. ilB«=i(l-2732ft.)a=-8106191ft.= -81sq. ft. nearly. 
But area of square ABCD=AB^; .*. area of ABCD= -81 sq. ft. nearly. 

CHAPTER XVn. 

We shall in the following examples take a, a', and A, to represent 
respectively the area of the sector, the area of the circle, and the angle of 
the sector. 

1. (By Euc. VI. 33), a : a' : : 25^ : 8600; 

o'x250 8-1416 x24»x 26 .. -„-««. 
•'• ^"^ 3gQQ = 3gQ B^« ft. =126-664 sq, ft. 

4. Area of sector DAE 

area of circle DEFxiXfi , . , -^ 
^ 3600 ^^^ ^^ 
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81416 xlg«x 40 
360 



sq. ft. =3'1416 X 25 cq. ft. ; and area of sector BAC 



area of circle ABC x 40« 31416 x 10* x 40 



aq. ft.s8'1416 x H^ aq. ft. ; 



360« "" 360 

.'. area of BCD£ =area of sector DAE - area of sector BAO 

= (31416 X 26 - 3-1416 x H^) sq. ft. =3-1416 (25 -Xj^) sq. ft 

130-9 
=— „- sq. ft. =43-63 sq. ft. nearly. 
o 

6. (By Euc. VI. 33) a' : a :: 360» : 60»; 



.-. af= 



150 sq. ft. x 36 00 
60« 



=1080 sq.ft.; 



.-. radios of circle=^/(1080 sq. ft.-r 3-1416) =V(^8q.ft.-r -1309) 

= V(343-7738 sq. ft.) =18-54 ft. 

360 
7. Area of circle=-77r- x area of sector=9 x 230=2070 sq. ft. ; 

40 



and. 



.-. radins=V2070-5-31416=25-67ft.; 

arc of sector x radin8=2 x area of sector ; 

.•. arc of sector=-jrr-5=-= 17-92 ft. ; 

TiO'Ol 

••. whole perimeter of sector = 17-92 + 2 x 25-67 

=69-26 ft. 



8. (By Enc. VL 33), A : 360» :a:a'; 
••^"' a' ^"^^31416x64 



675* 



=80*-57. 



8-3776 

9 and 10. Use the role, Arc x radin8=2 x Area (Art. 181). 

11. (By Enc. YL 33), A : 360» :a:af; 

225* 



...4--,x360»-. ^ 



2 



.112«-6. 



12. Badios of circle 



=1^(700 sq. ft.-=-3-1416)=^/(25sq. ft.-^-1122)=V{222-81638q. ft.) =14-92 ft. 

_ . arc x radios ^ ^ h-ik *». 

Bat s =area of sector= 115 sq. ft. ; 

2x115-. 115,. ,e^wx 

.•. arc= , ^ ^^ ft. = =-75 ft. = 15-41 ft. 
14-92 7-46 

13. Let ABCF be a circle. Here BC7=58in., draw 
the diaoL AF perpendicolar to BC, Hence 

^E=EB=100in.; 

.'. BD^DC (Eoc. m. 3)= JBC=29in. 

Now (by Eoc. I. 47), 

D£ =^(BJS« - J5D») = Vi (100« - 29») sq. in. } 

=^(129 X 71 sq. in.)=/s/(9159 sq. in.); 

.'. .iD =il£ - D^= 100 in. - V(^159 sq. in.). Again (by Eoc. L 47) 
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AB^=BD^+AD^={29in.)*+{100- Jq16^)^ sq. in. 

= (841 + 10,000 - 200 ^9159 + 9169) sq. in. = (20000 - 200 Jdllid) sq. in. 

= (20000 - 200 X 96-702664) gq. in. 

= (20000 - 19140-6328) sq. in. = 869-4672 sq. in. ; 

.-. iiB=/^(859-4672Bq. in.)=29-32in. nearly. 
SxAB-BC 






BIO BAG = 



234-66-68. 176-o6. ^„ _ . 

ui.= — - — in. =68-86 m.; 




8 3 a 

.'. area of sector BEC=i x arc x radius^i x 68-86 x 100 sq. in. =2942*6 sq. in. 

16. Here AC=BG=10tt, l iiCB=30; (by Euc. VI. S3) 
area of sector ACB : area of circle : : 80^ : 360<>; 

.'. area of sector ^CB= (3-1416 x 100 x 30-^-860) sq. ft. 

=26-18 sq.ft. 

Make L BCD = I ACB (Euc. I. 23), and join A, D; 

.•. whole AACD=Q(fi; wherefore (by Euc. I. 6, 32, and 6) 
A 2(D(7 is equilateral ; and.-. ^D=^C=10ft.; and 

AE=ED (Euc. I. 26 and def. 10 and III. S) = iAD=5ft.i 

.'. areaof A ^BC=4BCx^£=ix 10x6 sq.ft.=25 sq.ft.; 

.*. area of segment ^B=area of sector BCA 

-area of AilJ3C=(26-18-26)sq. ft.=l-18 sq. ft. 

16. Here AD=:DC=10 ft., jl ADC =12(fi; 

(by Euc. VI. 33) 

area of sector ADC : area of circle ABC :: 120^ : 360®; 

.*. area of sector ADC 

=m^ 3-1416 X 100 sq. ft. = 104*72 sq. ft. 

Now bisect lADC by DB (Euc. I. 9); .-. each of 
the i*ADB and BDC=W oxA AC is perpendicular to 
BD. Join A, B. Then (by Eua L 6, 32 and 6) LABD is eqmlateral. And 
A2lDC=2 Aiii)£ (Euc. I. 4). 




But LADE (Euc. I. 26) = A ABE = J A ABD 



BD^ 



-ix-j^N/3=H^x 1-732 sq. ft.=21-65sq. ft.; 

.•. area of A ADC=2.x 21 -66 sq. ft. = 43*3 sq. ft. 
.*. area of segment ilP(7=area of sector ADC - area of LADC 

= (104-72- 43-3) sq. ft. = 61-42 sq. ft. 

17. Here AB=BE=EA = CD=EC=^ED=:zlOft; 

.*. tuABE and EDC are equilateral; they are also equal 
(by Euc 1. 8), and segment ^B= segment CD (by Euc. III. 
24). Now I AEB = 60® (by Euc. I. 32 and 6) ; .*. (by Euc. 
VI. 33) area of sector AEB : area of circle ^CDB : : 60® : 360<^; 
.-. area of sector AEB=-f^ x area of circle ACDBss\ area 
of circle ACDB, and area of A AEB 

»-^^/3=iJA^3sq. ft.=26^3Bq. ft.; 
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.*. area of segment AB=^ area of circle ACDB-'25>J3eq, ft.; .*. area of 
segments AB and CD together=j- area of circle ACDB - 50 ,JZ aq. ft; 
.*. area of zone ^CDB=area of circle ACDB - area of segments AB and CD 
=area of circle - \ area of circle +50/^3 sq. ft. =f area of circle+ 90 jy/3 sq. ft. 
= (|x31416xl00+50xl-732}8q. ft. = (209*44+ 86*6) sq. ft. =^29(S-04Bq. ft. 

18. Here EC=EA=EB=ED=12 ft., Z AEB-GO^, 
&nd L CED==90^; .-. t^AEB is equilateral (by Euc. I. 5, 
32, and 6). Now (by Eac. YI. 33) area of sector AEB : area 
of drde ABDC : : 60* : 360*; .-. area of sector AEB=i area 
of circle; and area of A AEB 

AB* 
=^'s/3=^V3Bq.ft.=36V3sq.ft.=36xl-732Bq.a; 

.-. area of segment AB=\ area of circle - 36 x 1*732 sq. ft. 

Again, area of sector CED : area of circle ABDC :: 90* : 360*; .-. area of 

sector CED=i area of circle ABDC; and area of A CED 

ECxED EC* w* *r w. *L 
= 2 = -2"=^ sq. a =72 sq.ft.; 

•-. area of segment CABD=:i area of circle ^BDC-72sq. ft; 

.*. area of zone CABD=aie& of segment CABD-axcA of segment AB 
= J area of circle - 72 sq. ft -^ area of circle+36 x 1*732 sq. ft. 
=area of circle (i-i)-36 (2-1*732) sq. ft. 
=^x 3*1416 X 144 sq. ft -36 X -268 sq. ft. 
= (37*6992-9*648) sq. fL 
= 28*0312 sq.ft. 

19. Here EA=EB=EC=ED=12 ft., z AEB=W, 
and z (7£;i>=90*; .*. £iAEB is equilateral (by Ene. I. 5, 
32, and 6). Then (as in preceding), area of segment 
AFB=^ area of circle - 36 x 1*732 sq. ft.; and area of seg- 
ment CGD=i area of circle- 72 sq. ft. .-. Area of zone 
ACDB=aTe& of whole circle - (area of segment ^FB+area 
of segment CGD)=area of circle- (^ area of circle+ J area 

of circle - 36 x 1*732 sq. ft. - 72 sq. ft.) 

=area of drde-^ area of circle+36 (1*732+2) sq. ft. 

= A area of circle + 36x3*732sq.ft.=(/TX 3*1416x144 +36x3*732) sq.ft. 

= (263*8944+ 134*352) sq. ft. =: 398*2464 sq. ft=398*25sq. ft. nearly. 

20. HereiLB=BC=C^=15ft.; .-. A^LBCisequilateraL 

AB* 
Whezefore area of segment ADC=-\ area of circle — j- ^3 

(Tide 18) = (^ X 3*1416 X 225 - i X 225 X 1*7320506) sq. ft 

=225 ('5236 - -4330127) sq. ft =225 x -0905873 sq. ft 

=20-382 sq. ft. nearly. 

And area of segment ^£C=area of whole circle -area of 
segment if DC= (3-1416 x 225 - 20*382) sq. ft 

= (706*86 - 20*382) sq. ft. =686*478 sq. ft. 
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21. Area of 8egment=:} x 5 ft. x V[{i(17'3205)>+i x 5^} sq. ft.] 

= V-ft-x^{J(299-99972026 + 10) sq. ft.} 

= Y ft. X ^{(74-9999300626 + 10) sq. ft.} 

s^^^'tt. X ^(84-9999300625 sq. ft.) 

1Q4..QQAQ 
= i^ ft. X 9-21964 sq. ft. =: ^ sq. tU 

= 61 -4636 sq. ft.=61*464sq. ft. nearly, 

{Note, Questions of this kind may be solved without applying the rule 

given in the text book, thus: (vide diag. to 13). Here BC is given. .-. BD 

is known, for it is ^BG (by Euc. III. 3); and as AD is also given, we can 

find AB (by Eua I. 47), for it^^^iAD^+DB^. Henoe length of arc BAG 

SAB — BG 

is known, becanse its . Again (by joining B, F and applying 

o 

AB* 
Euo. YI. 8 Cor.) we have AFz^-rj- ; wherefore the radius AE^ BE, or EC 

is known. Now we can find the area of the sector BEC^ for it=i x length of 
arc BAG y. BE, Lastly we can find area of A BEG since we know its three 
sides. Hence area of segment BAG is founds because it =s area of sector 
BEG - area of A BEG.) 



'CHAPTER XVin. 

1. Area= {(3 + 63) + 2(16 + 36)+4 (8 + 24 + 48)} ft. xj of 1ft. 

= (66 + 100 + 320) ft. X J ft. = AJii sq. ft. = 162 sq. ft. 

2. Area= {(4 + 140) + 2x 36 + 4(14 + 76)} ft. X J of 1ft, 

= (144+72 + 860)ft.x Jft.=ilAsq. ft.=1928q. ft. 

3. Area={2(32 + 32)+4 (20+36+20)} ft. x^x 2ft. 

»(128 + 304)ft. X f ft.=432 x |sq. ft.=288 sq. ft. 

4. Area={2(4 + 8)+4(l-26+6-75 + 6-25)}ft.xioflft, 

=(24 + 67)ft.xlft. = 81xisq. ft.=27Bq. ft 

6. Area = { (6-082 + 6-567) + 2 (6-246 + 6-403) 
+ 4 (6-164 + 6-325 + 6-481)} ft. x ^ x f ft. = (12 -639 + 25-296 + 76-88) ft. x J ft. 

= 113-816 X i sq. ft. =66-9076 sq. ft. 

6. Area = {(2-714 + 2-884) + 2 x 2-802 + 4 (2-759 + 2-844)} ft. x J x f ft. 
= (5-698 + 6-604 + 22-412) ft. x } ft. = 33-614 x J sq. ft. = 8-4036 sq. ft. 

7. Area={(14-2+13-7) + 2(16-3 + 14-6) + 4(14-9+16-l+14-l)}ft.xlx3ft- 

= (27-9 + 59-6 + 176-4) ft. x 1 ft. = 263-9 sq. ft. 

8. Area= {(0+19-62) + 2 (2-48+6-24 + 11-76) 

+ 4 (1-11 + 4-17 + 8-75 + 15-33)} f t. x ^ x 1 ft. = (19-52 + 40-96 + 117-44) ft. x i ft, 
= 177-92 X J sq. ft. =69-306 sq. ft. =69307 sq. ft. nearly. 
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9. Areas {(10-204 + 7-602) + 2 (9-484 + 8-771 + 8197) 

+ 4 (9-804 + 9-090 + 8-475 + 7 '937) } ft. x i of 1 ft. 
= (17-896 + 62-804 + 141-224) ft. x i f t. = 211-924 x ^ sq. ft. = 70-6413 sq. ft. 

10. Area= {(2-4849 + 2-9967) + 2 (2-6391 + 2*7726 + 2-8904) 

+ 4 (2-6649 + 2-7081 + 2-8332 + 2-9444) } ft. x J of 1 ft. 
= (6-4806 + 16-6042 + 44-2024) ft. x i ft. = 662872 x i sq. ft. = 22-0957S sq. ft. 

11. Area = {(0 + 1) + 2 (-6 + -8 + -9165 + -9798) 

+ 4 (-4369 + -7141 + -8660 + -9639 + -9950)} ft. x J of -1 ft, 

= (1 + 6-6926 + 15-8596) ft. x ^ ft. = 2-34522 x ^ sq. ft. = -78174 sq. ft 

12. Area 

= {(K+M)+2(«+K+«+}S)+4(«+M+«+H+«)>ft.xjof-ift. 

=10{(A+A) + 2(TV+A+^+TV)+4(A:+iV+TV+TV+iV)}ft.x'ift. 

=10(A+2x«{J+4x|f|a|)ft.Xgft. 
s= (-15 + -5456 + 1-3838) ft. x } ft. =: 2-0794 x J sq. ft. = -6931 sq. ft 

CHAPTEB XrX. 

1. 10 ft on fields 1 in. on plan .*. (10ft.)> or 100 sq. ft on field 
s= 1 eq.in. on plan; .-. 1 sq. ft on field =y^ sq. in. on plan; .-. 3600 sq. yds. 
or 3600 X 9 sq. ft. on field=y^ x 3600 x 9, i.e. 324 sq. in. on plan. 

2. 20ft. on field =»lin. on plan; .-. 400 sq. ft. on field =l8q. in. on 
plan; .-. Isq. ft on field =7^sq. in. on plan; .*. 6ac. or 6x4840x9 6q. ft. 
on field =7^ X 6 x 4840 x 9, i.e. 653*4 sq. in. on plan. 

3. 1 sq. in. on plan represents 1 sq. yd. or 9 x 144 sq. in. ; .-• 1 in. on 
plan represents ^(9 x 144 sq. in.), i.e. 36 in. 

4» 1 sq. ft. Le. 144 sq. in. on plan represent 10 ao., i.e. 

10 X 4840 X 9 x 144 sq. in. ; 

1 sq. in. on plan represents 10 x 4840 x 9 sq. in. ; .*. 1 in. on plan represents 

V(48400 X 9 sq. in.), i. e. 660 In. 

5. 10,000sq. in. on field=l sq. in. on plan; /^(lOOOOsq. in.) i.e. lOOin. 
on field=lin. on plan; .*. lin. on field = y^ in. on plan; .-. 20 yds. i.e. 
20 X 3 X 12in. on field=y2v x 20 x 3 x 12, i e. 7-2 in. on plan. 

6. 100,000,000 sq. in. on estate = 1 sq. in. on plan ; .-. «y (100000000 sq. in.) 
i.& 10000 in. on estate^lin. on plan; .-. lin. on estate =y^r^^p|- in. on 
plan; .-. 1 mile on estate=YvJ7ir x 1760 x 3 x 12, ie. 6*336 in. on plan. 

7. Let I and b represent respectiyely the length and breadth of the 
rectangle. Then, by hyp., 6:Z::2:3; .-. 6=f2. Bot 2x6, ie. Ix^l 
or fP=area of rectangle = 210 sq. ft; .-. P=f x210sq. ft.=315sq. ft; 
.-. I=^(315sq. ft) = 17*748ft; and 6=|Z=| x 17*748 ft = 11*832 ft 
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8. Let a, b and e represent the sides of the A. Then, by hyp., 
a : 6 :: 13 : 15; .*. b=\^a; and a :c :: 18 : 14; .*. e=^a, 

.'. arcaof A=^^/[{(«a+Ha)«-a«} {a«-(H« -««)"}] 
=J^/[{(?l«)'-«»}^*»-(Aa)»}]=J^/«|axHaxU«xHa) 

= J^(6x7xl6x7x2x6x2x^^)=Jx^^6»x7«x4>x2»x^) 

, « « ^ n a' 6x7x2xaa 
= Jx6x7x4x2x^gj=5 ^ . 

But, hy hyp., area of As 24276 sq. ft. 

6 X 7 X 2 X a' 



169 



=24276 sq.ft.; 



.•. a«= 24276 x ^ " ,, sq. ft. = 289 x 1C3 sq. ft. ; 
6x7x2 

.-. fl=^(289xl69sq. ft.)=^/(173xl3«sq. ft.) = 17xl3ft.=221ft.; 

and& = ||a=f|x221ft.=255ft.; andc = }|a=l$x221ft.=238ft. 

Or thtu; The area of the triangle whose sides are 13, 14, 15 feet, is 
84 square feet. Thus by Art. 205, 

84 : 24276 : : square of 13 : square of corresponding side. 

10. Let X represent the side of the equil. A; .'. 3x= perimeter of the 
equil. A=(by hyp.), perimeter of square=4xBide of square; .*. side of 

square=id;; .*. area of square=Ad:^. And area of equiL A= j-^3; .-. area 

of square : area of equiL A : : ,V j^ : ^ a*. .•. area of squares J*, «" x -j^ — 5 

X area of equiL ^=7—;:; x area of equil. a=5 -^ x area of equiL A= — j — 
X area of equil. A= 1-299 x area of equil. A. 

11. Let seaside of square; .*. 4^;= perimeter of square =by hyp. peri- 
meter of hexagon. But 6 x side of hexagon = perimeter of hexagon; .*. side 

of hexagon = I d;=)d;. .*. area of hexagon=6x --^3 (vide Chap. XV. 6) 

sf^Sxf'; and area of square =x3; .*. area of hexagon : area of 
square :: i,JBx^ i x*\ ie. as 1x1*73205 : 1, i.e. as 1*1547 : 1; .'. area of 
hexagon =1*1547 x area of square. 

12. Let d;= radius of circle; .*. 2 x 3*1416 xx=nerimeter of circle = (by 
hyp.) perimeter of square =4 x side of square; .*. side of square 

2 X 31416 31416 

•*. area of squares:^ — 7— ^'^« ^^ <urea of circle=3*1416xa;'; .*. area of 

. 1 # oi^i/i^ (3-1416)* ,, , 3*1416 . , „^^, 

oirole : area of square : : 8*1416a;' : ^ — j— ^*^» i.e. 1 : — . — , i.e. as 1 : '7854 ; 

•'• area of circles ;=— — x area of squares 1*2732 x area of square. 
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18. Let d;s radius of circle. .*. 2x3*1416 xxs perimeter of circles (by 

hyp.) perimeter of hexagon =6 x side of hexagon ; .'. side of hexagon 

2 X 3-1416 3-1416 , , ^ (3-1416)3 ,„ «... 

= g x«= — 5 — x; .*. area of hexagons 6 x^-^ — ^^JQxa? (vide 

Chap. XV. 6) = LL|_rI^3xx3; and area of circle =3'1416a;2; .-. area of 

circle : area of hexagon : : 3-141C;c3 : ^ — ^ — - ^Sxx^; i.e. as 1 : — ^ — Jd; 

.'. area of circles ^ ..,, .- — 7^ x area of hexagon =,7-JVr5Xwea of hexagon 

3-1416 X/,y3 ** 3*1416 " 

1-7320508 ., ^ tnno *i. 

X area of hexagon = 1-1026 x area of hexagon. 



1-5708 



side' 



14. Area of equil. A = -j- ^8 = (by hyp.) 100 sq. ft. ; 

., • 400 ^ 400^/3 -^ 400x1-7320508 ,^ o«aa^/x,^ *^ 
.'. 8ide«= y^sq. ft.= — JV» Bq.ft.= sq.ft. =230*94011 sq.ft.; 

.-. 8ide=/i^230-94011 sq. ft.)=15197 ft. nearly. 

16. Area of equil. A =-^^3 sq. ft. = (by hyp.) area of hexagon 

* 1 9 1 Rrt2 

= 6 X ~i ^3 (vide Chap. XV. 6) ; .*. } x side« of hexagon x ^3 = -^ ^3 sq. ft.; 

side' of hexagon=-g- sq. ft.-8760sq. ft.; 

.*. side of hexagon =^(3750 sq. ft.) =61*237 ft. 

16. Here z ABC^W, and area of segment 

ilDC= 60 sq.ft. 

(By Euc. VI. 33), area of sector ABC : area of circle :: 
gO'' : 360^*; .'. area of sector ABC=i area of circle 

= J X 31416 X ^B«= '7864 x AB^\ 

andareaof A^BC=JB(7xilB=J^B'=*6x^B«; 

.'. area of segment ADC== '7854 x AB!* - '6 x AB!^ 

= AB^ X -2854 = (by hyp.) 60 sq. ft. ; 

.-. iiB«=608q. ft.-j-*2854 = 175*192712 sq.ft. nearly. 

.-. AB =,^(176-192712 sq. ft.) = 13*236 ft. 

17. Here ^£=16 ft. Let DH, EK, FL, and 
QM divide t^ABG into 6 equal parts, and be 
parallel to BC. Then A ABH=\ A ABC\ 
AAEK=l£^ABC; A^FL=t A2IBC; and A^lGlf 
= I A ABC. We are required to find AD, AE, AF, 
and AG, Now (by Euc. VI. 19) 

A ADH : l^ABC :: AD* ; AB'f 
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. .-, LADHxAB^ iAJBCx 225 sq.ft. .- -^ 



£iABC 

.-. iiD =^(46 sq. ft.) = 6-7082 ft. ; 

again, A iiElT : £^ABC :: itE^ : AB^; .«. -4JB3= 



|^BCx225 
hABC 



=90sq. ft 



.% ^E = ^(90 sq. ft.) = 9 '4868 ft. In the same manner 

AF=^{i X 226 sq. ft.) =^/(lS5 sq. ft.) = 11-61896 ft. = 11-6190 ft. nearly ; 
and AG=^(i x 226 sq, ft.) =^(180 sq. ft.) = 13-4164 ft. 



X X 

18. Let a; = side of equil. A; .'. area of equil. A=-p^8=-i-xl-73205 

4 4 

= (by hyp.) area of square = side' of square; 

.'. side of square= k/ \T ^ ^•73205^ =| x l'316=ar x -658; 

.*. perimeter of square =4 xx x *6d8=2-632x; and perimeter of equil. A=3x; 

.*. perimeter of equiL A : perimeter of square : : 3x : 2'632a;; .-. perimeter of 
3 

equil. A =«^x perimeter of square =1*139, i.e. 1-14 nearly x perimeter of 
square. 

19. Let ABCB be a trapezoid, of which iiB=16ft., 
CD =20 ft., IE = 6 ft. Let FG dmde the trapezoid into two 
equal trapezoids. Now area of ACDB 



AB + CD 



xIE= 



16+20 



fix 5 ft. =90 sq.ft.; 




2 2 

.*. area of AFGB and of FCDG=:^5 sq. ft. Produce CA and 
DB to meet at K. From K draw the perpendicular KILE, 
Now from similar t^'KAB, and KCD (vide Euc. VI. 4), 

IK:AB::KE : CD; i,e. IK : 16ft. ::Ii:+6ft. :20ft.; 

.-. 20 ft. X IK= 16 ft. X IK +S0 sq. ft. ; .-. 4 ft. x Iir=80 sq. ft. ; 

.•. IK'=20ft.; .*. areaof A^^i?=i^BxIir=i X 16x20 sq. ft.=160sq. ft.; 
.•. area of A iCFG=area of A KAB +axea, of AFGB i 

= (160 + 46) sq. ft. = 206 sq. ft. 

Then (by Euo. VI. 19), LKAB : aKFG :: KI^ : KI^; 



KL^= 



205 X 400 
160 



sq.ft.=5f-j^o sq.ft.. 



.-. KL=J{m^B(i, ft.)=Jl^^/82ft.=5xix9•0563ft.=22•638ft. nearly. 
Hence IL-KL'KI= (22-638 - 20) ft. = 2-638 ft. 

20. Let ABCB be a square, each of the sides of which 
= 12 ft. Let the lines EF and PH. divide the square into 
three equal parts, and be parallel to BC, Join A, D. 
We are to find GK. (By Euc. I. 4), lABC=lBCD, 
but, by hyp., £iAEF=£^PDH; .•. remainder ECBF 
= remainder BCPH (Euc. I. Ax. 3)=iECPHBF=^ of 
ACDB=^ X 144 sq. ft. = 24 sq. ft. Again area of A AEF 
^l area of ABCD=:ixli4t sq. ft. =48 sq. ft.; 
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and area of A-4UC.-(48+24)sq. ft.=72sq. ft. Now (by Euo. VI. 19), 
A ABC : A AFE \\AO^\AG^\ but AO^ is (by Euc. I. 47) 

=-2~=^Asq. ft.=728q. ft.; .-. 72 sq. ft. : 48 sq. ft. :: 72 sq.ft. : i4G«; 

.% i4G2=48 sq.ft.; 

.'. AG=^{i8 sq. ft.) =i^(16 x 3 sq. ft.) =4^3 ft. =4 x 1-732 ft. =6-928 ft. ; 

.-. GO=ilO-^G=^72ft.-6'928ft. = (8-486-6-928)ft. = l-557ft, In the 
same maimer it may be shewn that KO likewise = 1 '557 ft. ; 

.-. GjK'= (1-657 + 1-657) ft. =3 -114 ft. 

21. (By Art. 167), area of polygon =3 sq. in., when radius of circum- 
ecribin^ circle is 1 in., and (by Art. 99), side of this polygon= -51764 in. ; 
.-. perimeter of polygon = 12x -51764 in. =6-21168 in. ; and this, by hyp., 
also=circum. or perimeter of circle =2 x 3-1416 x radius; 

.-. radius={6-21168-r(2x 3-1416)} in. = |^^^ in. ; 

4. - 1 Qi.li/* /3-10584. \> 9-6462 . . 

.% area of circle = 3-1416 x I m. j = sq. m. nearly ; 

- . , . , 9-6462 . o • 

••• area of circle : area of polygon : : » . . sq. m. : 3 sq. m. ; 

. . , 3-2164 . , 

••• area of circle = » - x area of polygon. 

CHAPTER XXn. 

1. Vol. of cube=(2ft. 8in.)s=(|ft.)8=-¥^oub. ft.=18 cnb. ft. 1664in. 

6. Vol. of parallepiped = 4 ft. 8 in. x 3 ft. 6 in. x 2 ft. 4 in. 

=Vxix Jcub. ft.=^icub. ft.=38oub. ft. 192 in. 

9. Vol. of parallelepiped = area of base x height 

s=16 sq. ft. X 4 ft. 3 in.= 16 X V- cub. ft. =68 cub. ft. 

13. Area of base x height, i.e. 8sq. ft. x height = Vol. of parallelepiped 

= 6 cnb. ft.; .*. height = -5 — ^;- =|ft.=9in, 
' ° 8 sq.ft. * 

17. Area of base 

Vol. of parallelepiped , ., ^^^ 16 cub. ft. -« , ^ ^.^ ^^ 
^ height ^^^® ^^ 9 in. =^^<^^^' ft.-7-ift.=20sq. ft. 

21, Vol. of parallelepiped =6x6x6 cub. ft. = 6 x 6 x 6 x 1728 cub. in. ; 
and 1 gallon =277J cub. in. = -"4*-^ cub. in.; .-. no. of gallons in the given 

volume=6x6x6xl728-^Us<i»=J^iVB'-i = 1346-2 = 1346 (to the nearest 
gallon). 
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25. Vol. of paraIlelepiped=6x5x6oab. ft.; and 1 eab. foot of water 

1000 
weighs 1000 oz. Av., i e. vs — w^ — i cwt. .•. no. of cwts. of water in the above 

16 X 28 X 4 

lb X 28x4 *"• "^ 

29. VoL of cnbe 6 in. long=(6in.)'s216cab. in.; smn of the vol^. of 
the other 8 cubes = (3 in. )> + (4 in. )' + (5 in.)' = (27 + 64 + 125) cnb. in. = 216 cab. 
in. ; .'. yol. of cube 6 in. long = smn of the vols, of 8 cubes which are respec- 
tiydiy 8 in. , 4 in., and 5 in. long. 

30. Vol. of parallelepiped 

= 94 ch. 50 Iks. X 1 ch. 5 Iks. X 81| Iks. == 94-5 oh. X 1-05 ch. X -815 oh. 

=81 -255875 cub. ch. 

31. Since vol. of 200 beams = 1000 cub. ft. ; .*. vol. of 1 beam = 5 cub. ft. ; 

.-. length of beam= —. Jt^^ (^^® ^^) = ^ ®^^- ^*-^ A s^* ^» =24 ft. 

«> in. X 10 in. 

32. Vol. of wall = 90 ft. X 18 in. X 8 ft. = 90 X I X 8 cub. ft. = 90 x 12 cub. ft.; 

and vol. of 1 brick=9in. xf in.x3in.s2^i^icul>«^^*; •*• ^o. of bricks 
whose vol. will be 90 x 12 cub. ft. 

=90 X 12~(i X i X i) = 15860 bricks. 

33. Vol. of box=3 ft. 6 in. X 8 ft. X 2 ft. =( X 6 cub. ft. =21 cub. ft. ; and 

Tol. of 1 book = 8 in. X V- ui* >< I in* = T ^^- ^ ^T ^^* ^ it ^^- = tIf ^^^* ^^* ! •*• ^o. 
of books that can be packed in hoT=21-i-^^=SQ4^ books. 

84. Here voL of gold a 1 cub. ft. = 1728 cub. in. ; .*. thickness of gold 
1728 cub. in. . . , - „. , . Annnn j • 

=432000()W-SinE (^^ ^^)="^^ ^^ 

35. Vol. of cube=(39-37in.)»=?i5?|l|^?5?cub. ft. =85-814454 cub. ft. 

86. Vol. of block of 8tone=48x 80x15 cub. in. Now since this voL 
weighs 27 cwt., i. e. 27 x 4 x 28 lbs. ; .*. 100 cub. in. will weigh 

100 X 27 X 4 X 28-h(48 x 80 x 15) lbs., that is 141bs. 

19 X 9 

37. Vol. of block of marble=9A x2ix2cub. ft.= — - — cub. ft.; and 

4 

weight of 1 cub. foot of marble=:2'716x weight of 1 cub. foot of water 
s2-716 X 1000 oz. Ay.=2716 oz. ; .-. vol. of the block will weigh 

IQ V Q 

^^^ X 2716 oz. =116109 oa. 

38. Vol. of vessel in 1"* case = (14-04 in.)>= 2767*587264 cub. in.; and 10 
gallons =2772*74 cub. in. ; .*. vessel in 1** case holds less than 10 gallons. 
Again, vol. of vessel in 2°^ ca8e= (14*05 in. )>= 2773*505125 cub. in.; .*. vessel 
in 2** case contains more than 10 gallons. 
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89. Here, empty portion of reservoir left after the water has been drawn 
off is 24 ft. 8 in. long, 12 ft. 9 in. wide, and 1 ft. high. 

.*. its vol. =24} X 122x1 cub. ft. ^^x^^ cab. ft. »^|i^ cub. ft. =314 J cub. ft. 

= quantity of water drawn off. 

40. 260 gallons = 260 x 277} cub. in. = 65 x 1109 cub. in. This then is the 
vol. of the empty portion of the cistern left after 260 gallons are drawn off; 

.•. height of this portion = — ' (vide preceding and 13) 

65 x 1109 cub. in. »o«,,. ««. 
27x6m. x89x3m. *»»»* 

41. Vol. of required no. of leaves 

=20 sq. yds. x 1 in. =20 x 9 x 144 sq. in. x 1 in. = 180 x 144 cub. in. 

Now 1 cub. foot, i. e. 1728 cub.in. of gold weighs 10 cwt. 95 lbs., i. e. 1215 x 16 oz.; 

1728 
.*. vol. of 1 oz. of gold= -^ ., — ^ cub. in. But, by hyp., 1 leaf weighs 1 oz.; 

1728 
•'. vol. of 1 leaf =7771-= — 7^ cub. in. •*. no. of leaves required to make np a 

1215x16 

172ft 
volume of 180 x 144 cub. in. =180 x 144-f. 7-=^^ =291600 leaves. 

1215 X 16 

42. 1 cub. fathom 8 216 cub. ft. ; and 1 cub. ft. of water weighs 1000 oz.; 
•*• 1 cub. fathom of water weighs 216 x 1000 oz. which 

216x1000 ^ ^^, . .^^ .^ , 

=--« — SH — 5 — oTv tons=*U tons=6'02 tons =6 tons nearly. 
16x28x4x20 ^* '^ 

43. Let X, y, and z represent respectively the length, breadth, and 

height of the 2^ parallelepiped. Then d;+^,i.e.|:B= length of 1"* parallele- 

piped, and iy and |;s= respectively its breadth and height. •*. vol. of 2**^ 
parallelepiped =x^;s; and vol. of 1'* parallelepiped 

=lxxty xiz=i^xyz=Sixyz, 

•'. the 1"* parallelepiped is more than 8 times the second. 

44. Let X, yt z represent respectively the length, breadth, and height of 
the 2^ parallelepiped. Then x+^x^ i.e. {x= length of 1** parallelepiped, 
and iy and (;s= respectively its breadth and height. .*. vol. of 2"<^ parallele- 
piped =a:y2!; and vol. of l"* parallelepiped= Ja: x iwx|«=V/a:y2!=s2xy« 
nearly. .'. 1** parallelepiped is nearly twice the second. 

45. Let X, y, z represent respectively the length, breadth, and height of 
the 2^ parallelepiped. Then x+^x, ie. { a; = length of 1"* parallelepiped, 
y+^y, 1-0. f y=its breadth, and z+^z^ i.e. {2;=its height. .*. vol. of 2F^ 
parallelepiped =d;^2;; and vol. of 1"* parallelepiped 

=ix X f y X iz=^xyz=xyz+ixyz; 

•'. 1** parallelepiped is half as large again as the second. 
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46. Inside length of bottom = whole ontward length -the thickness of 
the wood at both the ends = 8 ft. - 2 in. s 84 in.; and inside height of box 
Esthe outward height - thickness of wood at the bottom of the box 
= 3 ft. - 1 in. = 85 in. Now vol. of box were it full 

=3 x8x Scab. ft. =27x1728 cab. in.=46656 cab. in. 

And Yol. of inside or empty portion =34 x 34 x 85 cnb. in. =40460 cab. in. ; 
.*. vol of the wood alone=(46656-40460)cab.in.B6196oab.in. 

47. Internal l6ngth=6 ft.-2x}in. (vide preceding) = 71 in. Internal 
breadth = 5 ft. - 2 x ^ in. = 59 in., and internal height =3 ft. - } in. (observe 
there is no lid)=^^-m.; now voL of box when full 

=6x5x3 cab. ft. = 90 x 1728 cab. in. = 155520 cab. in. ; 

and vol. of internal or empty portion = 71 x 59 x ^ cab. in. = 148709} cab. in. ; 
•*. vol. of material alone = (155520 - 148709}) cub. in. = 6810} cub. in. 

48. "Whole vol. of box when full = 18 x 10 x 6 cub. in. = 1080 cub. in.; 
now internal length of box=(18-2x})in. (vide 46), = 17 in., and internal 
breadth = (10 - 2 x } ) in. = 9 in. ; and internal height = (6 - 2 x }) in. = 5 in. 
(Here, in the case of the internal height, we have to subtract the thickness 
of botii the cover and the bottom of the box from the whole external height.) 
.'. vol. of inside or empty portion of box =17 x9x5cub.in. =765oub. in.; 
.*. vol. of wood alone=(1080-765)cub. in. = 315cub. in. Now since, by 
hyp., 315 cub. in. of wood weigh 15 lbs. ; .*. 1 cub. in. of wood weighs ^y^lbs., 
i.e.^ylb. Again, when the box is filled with sand it weighs 100 lbs., and 
the wood of the box weighs 15 lbs.; .*. the sand alone weighs (100 - 15) lbs., 
i.e. 851bs. But the vol. of the sand is the same as the vol. of the empty 
portion of the box, i. e. it is 765 cub. in. ; .'. 765 cub. in. of sand weigh 
85 lbs. ; .*. 1 cub. in. of sand weighs //b ^^^b** i* 6. }lb. 

49. Internal length of box = (2 ft. 10 in. - 2 x 1 in.) (vide 4C), 

=2ft. 8m.=|ft.; 

internal breadth = (2 ft. 5 in. - 2 x 1 in.) = 2 ft. 3 in. = | ft. ; and internal height 
= (1 ft. 7 in. - 1 in.) = 1 ft. 6in. =f ft. .*. vol. of empty portion of box, or, 
in other words, vol. the box could hold= | x { x f cub. ft = 9 cub. ft. 

eA » #1. 40cub.ft. 1440in. . .- ,., 

50. Area of base= ^ ,, . . (vide 13) 

3 f t. 4 m. ^ ' 

=40tcub.ft.-i-3Jft.=^iXTVsq» ft.=-^sq. ft. = side' of square base; 
»*. side of square base =^(-^ sq. ft.) = J f t. » 3 ft. 6 in. 

51. Here ilBCD and Ef'HG each E g 
= 2 sq. ft. 117 in. = 2^ sq. ft. = ^ sq. ft. ; 

AEQJ> and BFRC each 

=2 sq. ft. 12 in.=2^ sq. ft. = Jf sq. ft. ; y? T^M 

and ABFE and T>GKG each Q 

s= 1 sq. ft. 96 in. = 1} sq. ft. = J eq. ft. 
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Noir ^BxBFsarea of ABFE^iaq.tL; .% BFslsq.ftxj^. Again 
JBPxBCsareaofBFHCsff aq.fi; .% BFa)|iq.ftx~ ; 

.•. |8q.ft.x^=f|gq.ft.x~^; .«. C0BC=75AB; .-. BC=JJB. 

Lastly, XB X BCaaiea of JBOD=sf{ iq. ft. ; 

i e. .IB x { JB or i ^B<=:4| 0q. ft.; 
.•. -4B«=t sq.ft.; .-. .dLB=^({ sq.ft.) =1 ft 
•*. YoL of parallelepiped 

aarea of BJriirCx.lB={f sq. ft. x|ft.=\Leab. a=3enb. ft. 2161X1. 

Or thui; If the edges of tiie reetangolar parallelepiped be a, 5, e feet, the 
three areas axedb,be,etu The product of these is a^H'c^^ vrlnoh. is tiie square 
of the Yolume abc. 

Hence the role ; Multiply the three given areas together, and the sqnare 
root of the prodaot will be &e Tolnnie. 

52. Vol. of cube = length' ; 

.-. length=4/^(Yolame)=4'(^onb.ft.)=l*26ft. nearly. 

54. Vol of4000gallonsof water=:4000x2771oab.xn.sll09000eob!.in.; 
•V length of cubical vessel =/^(1109000 cab. in.) s 103*51 in. 

56. The no. of cub. in. that weigh | ton or | x 20x 4 x28 Iba 

=10x4x28x100+14=8000; 
••• length of cube=^(8000 cub. in.)=20in. 



CHAPTEB XXm. 

1. Vol. of prismB6 sq. ft. 85 in. x 2 ft. Gin.sG^", sq. ft. x 2} fL 
= !tf X t cub. ft. = ViA^ onb. ft. = 15 cub. ft. 1050 in. 

5. Vol. of prisms area of base x height. Now area of triangular base 
(calculated as in Chap. Xin.)=42 sq. in. ; 

.*. YoL = 42 sq. in. X 45 in. =^ sq. ft. X -V ft* »il oub. ft. = 1 cub. ft. 162 in. 
9. Vol of cylinders 31416 x 4 sq. ft. x 3} ft. =43-9824 cubic ft 

13. VoL of prismsarea of base x height ; 

. 1. • vx volume 18 cub. ft. 708 in. ,« ,, , « -,*. *. 

.% heights rn — "^-a ^ ^aa- — =18YVx<»^«ft«-^61Sf sq.ft. 

^^ area of base 6sq.fi 100 in. ^** * 

= Vi^oub*^*-S-Tl|sq.ft.=VA^ft'»2ft.9in.=83in. 
T. M. K. 4 
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*»» 1-^ # V M 1- J Tolnme 10,000 onb. in. «,^ . . 

17. Area of base of <sylindcr=r-rTri = — Tjnr =300sq. in. 

' height 4 ft. 2 in. ^ 

200 
Bat area of ba8e=d*1416x radios^; .*. radiaB^s——-8q. in. =63 '66 sq.m.; 

.*. tadin8=:«y(^'^Bq.in.)s7-979in. nearly. 

21. Vol. of vessel = 8*1416 x 100 sq. in. x 20 in. - 6283*2 cab. in. ; and the 
▼olnme of one gallon =277^ oub. in.=<u^oab. in.; •'. no. of gallons in 
vessel = 6283-2 x y^ = 22*6 =s 23 nearly. 

18-4-12 

25. Area of base = — ^ — ft- ^ 6 ft. =76 sq. ft. ; .•. vol. of prism 

=75 sq. ft. x 24 ft. =1800 cub. ft. 

26. The figure of the wall is that of a very long prism of which the enda 
are trapezoids. Now the area of either end 

a= ^^±^ft. X 20 ft. =400 sq. ft. 
400 - 

and the length of the prism 

=1500 miles =1500 x 1760 yards. 

Thus the number of cubic yards of material contained in the wall 

= 1500 X 1760 X ^= 117,333,333^. 

27. The ditch is of the form of a long prism of which each end is a 
trapezoid whose area= — h — ^ ^ ^q. feet =144 sq. feet. 

Thus the number of cubic feet to be dug out =144 x 1000=144,000. 

23. Vol of ditch = ^^ ft. x 6 ft. x 40 ft. = 2160 cub. ft. 

= 2160 X 1728 cub. in. = 37S2480 cub. in. ; 

and the volume of one gallon =277*274 cub. in.; •*• no. of gallons required 
=3732480-7-277-274=13461 gallons nearly. 

29. Vol. of ditch = i^^ ft. x 8 ft. x length 

= 160 sq. ft. X length = (by hyp.) 260000 cub. ft. ; 

, ., 250000 cub. ft. ..,.,. iKAQ.K#f 
••• leDgth= ^QQ^j^^ iVtft.=1562*5ft. 

SO. Vol. of ditch=-^ ft. X 4 ft. X lengths 18 sq. ft. X length; andvoLof 
10000 gallons = 10000 x 277-274 cub. in. = 2772740 cub. in. = ^tV^ cub. ft. 
= (by hyp.) vol. of ditch; .-. length of ditdi=jg|^j|^^=im«^ ft. 
=89 ft. nearly. 
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81. Vol. of weU = 3-1416 x (f ft.)* x 80 ft. =: 3 -1416 x | x 30 oub. ft. 
=*7854x 270oab.ft.=212-058cab. fb.r= 212-06 cub. fli. nearly. 

33. Hence the well is half a cylinder; 

.-. its ToL=i x 3-1416 x (Vyds.)> x 100 yds. =1-6708 x ^ x 100 cub. yds. 

=iijiiA cub. yds. = 1745-3 cub. yds. 

34. VoL of 1 coin=3-1416x(fin.)»xiin.=3-1416xAsa.m«xiin. 

*3927 X 9 

onb. in.; and vol. of oabe=(3in.)'=27cub. in.; •*• no. of coins 



64 
required = 27-t-^??|^= 488-9 =489 nearly. 

35. Vol. of well 

o^A^a /4A\9 oA*4. 3-1416x120 , - 1-0472x40 , , 
=3*1416 x a ft.)' X 30 ft.= jr= cub. yds.= cub. yda.; 

/ 10472x40 „ ^, 1-0472x40 «. «- „,^ 
.% C08t= ^ X 7». 6d. = 5 X £)=£5'236 

=£5. 49. 8-64d.=£5. is. 9<2. nearly. 

33. Vol. of 1 lb. of powder = 30 cub. ia ; .-. vol. of 10 lbs. = 300 cub. in. ; 
•'• vol. of gun also =300 cub. in. But vol. of gun 



= 3-1416 X (I in.)3 x length= 3-1416 x 9 sq. in. x length ; 

K in 
isq. 



, ., - 300 cub. in. 25 . ,a i.t • 

••• ^'^ <" g°°=' 3-141ttxtfsq.m. = 2-;3562 "^ = ^»" "' 
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39. Vol of wire = 3-1416 x {^ in.)^ x length = -5-^ sq. in. x length 

= (by hyp.) 1 cub. ft. = 1728 cub. in. 

1 -*!. 'A 1728x200. 115200. oonnci • 1 

••. length reqmred= — z^q^ — "^ = ,..qqq in. =880061 in. nearly. 

41. Vol. of shell = entire vol. of cylinder - vol. of empty portion 

= 3 -1416 X (} f t.)a X 7 ft. - 3-1416 x (A f t.)^ x 7 ft. = 3-1416 x 7 ft. (J - ^y sq. ft. 

= 3-1416 X 7 X Ji^ cub. ft. = t^JIl cub. ft. = 1-6798 cub. ft. 

= 1*68 cub. ft. nearly. 

42. Badius of inner sur£ace=(10-2)in. = 8in. The question is then 
solved as the preceding. 

43. Badius of outer surfaces (12 + 3) in. = 15 in. The question is then 
solved as in 41, 

4—2 
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44. Inside xadinB of {kipesiin.; ••. radios of oater 8iirfiices(f +i)ixi. 
rr2 in. ; .% toL of pipes: 240 x 81416 x (4 - 1) cub. in. (vide 41) 

=240 X 3*1416 X i oub. in. »'7854 x 1680 cub. in. 

2*268 
But weight of 1 cab. in. of iron = 4*526 oz.= — q— lbs. ; 

o 

.-. weight of pipe = -7864 x 1680 x ^~ lbs. 

o 

=r -7854 X 210 X 2 '268 lbs. =£ 373*245642 lbs. = 873 lbs. nearly. 
46. Since weight of 1728 cub. in. of lead=rll412oz.=^V^lbs.; 
.*. weight of Icnb. in. of leads^g — ^^^lbs.=mibs.; and voL of pipe 

=8*1416 X 8 yds. X {{-1) sq. in. (vide 44 and 41) 

= 3*1416 X 8 X 3 X 12 in. X I sq. in. = 3*1416 x 860 cab. in. ; 
.*. weight of pipe=8-1416 x 360 x f H ll>s- 
008t=3*1416 X 360 X fVI X 2^(2. =3*1416 x 360 x ^i x £^ 



• • 



„ 622-4296 «.,„«, , 

=^ — iQu =£4. 17». Bd. nearly. 

47. Vol. of square rod=(lin.)^ x length = 1 sq. in. x length; and yoI. of 
ronnd rods 3*1416 x (i in.)' x length =*7854 sq. in. x length ; .-. weight of 
latter = *7854 x V lbs. = 8*2467 lbs. 

48. Hence the base is an equil. A, each side of which, as a^ the height 
of the prism, is 10 in. ; .*. vol. of prism 

10> 
= -J- V^ X 10 cub. in. = 250 x 1*732 cab. in. = 433 cab. in. 

49. Vol. = 6 X ^ V3 X 1 cub. ft. (vide Chap. XV. 6) 

=1 X 1*732 oub. ft. =2*598 cub. ft. 

50. Vol.of cylinderinl'»case=lengthx3*1416{(H)'-(l)'}sq.in. (vide 
41) = length x 3*1416 x ^ x ^^ gq. in. = length x 3*1416 x M^ sq. in. ; this is 
also the vol. of the cylinder in 2^ case which =3*1416 x radius' x length ; 
.*. radius' x length x 3 *1416 = length x 3*1416 x (^)' sq. in. 

.*. radias'=(^)'sq. in.; .-. radius =^ in. 

51. The base of the parallelepiped will then be a 
Square inscribed in the circular base of the trunk of the 
tree; so that if ABCD be the base of the parallelepiped, 
its side AB (by Euc. IV. 6 and I. 47), 

=^^(AI? + EB^) =^(2AE^ = AE ^2 

= radius of the base of the tree x j^2=| ft. x ^^2; ••. voL 
of parallelepiped =ilB' x height 

= (iV2ft.)'x20ft.=lx2sq. ft.x20ft.=90cub.ft. 

52. Area of triangular base (calculated as in Chap. XIII.) =624 sq. in.; 
.*. vol. of prism=624sq. in. x60in.=:37440cub. in.=(byj^yp.) yoL of cube 
= side^ of cube ; .-. side of cube =^^(37440 cub. in.) = 33*45 cub. in. 
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53. Vol. of cjlinder 

17» 1ft 

=8U16x(4Jft.)«x4ift.=3-141Cx^xVcub.ft.«17x-1848xl7«x|^cub.in. 

.*. side of cube required 

« ^(l7» X ^ X 8-6112 cub. ft.^ «= V^ x 1'62 ft. nearly =6-40 ft. 

6 1. Vol. of 100000 soYereigns » 100000 x 3 *1416 x ( ^ in.)> x A in. 

= 10» X 100 X 3-1416 X ^^3 cub in. = («)» x 16398-84 cub. in. ; 

•*. side of cube required 

^i/{ (H)' ^ 16893*84 cub. in. } s }} x 24*88 in. » 15*65 in. 

55. Here length = 10 x radius ; 
.'. voL = 8-1416 X radius" x 10 x radius = 31*416 x radius" = (by hyp.) 25 cub. ft. ; 
••. raditts>=25 cub. ft. -4-31*416 =-795772854 cub. ft ; 
.-. radius=^(-795772854oub.ft.);=»-927ft. nearly. 

5C. Volume of 1 gallon =277^ cub. in.=iJ^ cub. in. 

= (by hyp.) vol. of cylinder = 3*1416 x radius' x } radius ; 

.*. radius' = 1109 cub. in. -r- (4 x 1*5708) = 176-502419 cub. in. ; 

••• radius =4^(176*502419 cub. in.) =5*61 in. nearly. 

CHAPTER XXIV. 

1. CIroum. GDn=i 3-1416 x 2 x ^ID 

=3*1416 X 2 (ilC-DC) = 31416x2^C-3*1416x22)C 

=oiroum. FCH or the outer boundary - circum. of cross 
section (DC being the radius of the cross section); and 
circum. ODH is the length of the ring. 

2. (As in preceding) circum. GDH=2 x 3*1416 x AD 
= 2 x3*1416(.iB+BD)=2x 3-1416x^5+2x3-1416x52) 
s= circum. of BxO or inner boundary + circum. of cross section. 

8. VoL of ring=3-1416 x ({ in.)9 x 20i in. =8*1416 x j J x ^cub. in. 
788*9343 




16 



cub. in. = 49*3088 cub. in. =49*8 cab. in. nearly. 



4. Vol. of ring=81416 x f-^- in. V x 16 in. =8-1416 x 3t|^ x 16 cub. in. 
s 15-205344 cub. in. = 15*2 cub. in. nearly. 
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5. (Vide diag. to 1.) Here i(B = 2*1 in. ; ^ C =s 2*4 in. ; •*. BC, or diame- 
ter of cross seotion=JC-ilBsj[2*4-2'l)in.=*S in.; ,\BD=iBC='16m.; 
.'. area of cross 8ectionsd'14lDX(*15in.)'=*07l8q. in. nearly. Again dr- 
eam. DGH or length of ring=2 x 3*1416 x JD=2 x 31416 (2*1 + -15) in. 

r=2 X 3*1416 X 2*25in.=14*ld in. nearly; 

•*. vol. of ring s *071 x 14*13 cnb. in. s 1 •00323 cub. in. = 1 cub. in. nearly. 

C. Area of cross section 

(3*2 \3 
-^ in. j =3*1416 X 2*56 sq. in.=8*042 sq. in. nearly; 

and length of ring 

= 2 X 3*1416 (6*16+1*6) in. (vide 2)=2 x 3-1416 x 7*76 in.=48*694 in. nearly; 
.'. vol. of ring =8*042 sq. in. x 48*694 in. =391*597148 cub. in. 

= 391*6 cnb. in. nearly. 

7. Area of cross section 

=3*1416 X {if.m,yJ?^?l^}^ sq. in. =8*296 sq. in. nearly; 

o 

and length of ring 

=2 X 3*1416 (V - V) in. (vide 1) = 2 x 3*1416 x ^ in. =49'48 in. nearly; 
••• vol. of ring =8*296 sq. in. x 49*48 in. 

= 410*48608 cnb. in. = 410*6 cub. in. nearly. 

8. Length of ring= (16 - 1*6) in. (vide 1)=13'4 in. ; and radios of cross 

.. 1*6 in. -8 . . 

section =- — = - , .,- in.; .*. area of cross section 

2 X <i'1416 3*1416 

*8' -64 

=^•"1^ '^ (3lii6)5'^- "-=80416 "»• ^ ' 

••. vol. of ring = orrTTg Bq> in. x 13*4 in. = gg^y ^^^' ^ = 2*7 cub. in. nearly. 

9. Area of cross section = 3*1416 x 4 sq. in. ; .*. length of ring 

volume 800 cub. in. 25 . «« «« . 

m.= 63*66 m. 



^ area of cross section 3*1416 x 4 sq. in. *3927 

= 63*7 in. nearly. 

-* . - ,. vol. of ring 100 cub. in. _ 

10. Area of cross section = — , — _. , — ^ = — i^tt^ = 6 sq. m. ; 

length 20 m. ^ > 

.*. radius of cross section = . / ( a.^Aia ) =>/(^*^91646 sq. in.) = 1*261 in. ; 

•-. circum. of cross section =2 x 3*1416 x 1*261 in. =7*9231 in. ; 

.*. inner boundary +7*9231 in. =20 in. (vide 2); 

i. e. inner diameter x 3*1416 + 7*9231 in. = 20 in. ; 

,. (20 -7*9231) in. 12*0769. ^^,, 
.-. inner diam.=^ g.i^iQ = -g:j^in.=3-84m. nearly. 



UEKSUEATIOy. 



CHAPTEB ZXT. 
1. ToL='ix7cq.ft.l02iit.x3ft.6[n.=ixTKi4-ft-K2VVlt. 

6. Aiea of trisngnlftT base (calcnlated m in Clup. XIIL) 
>=4V^iq.ft.:=4xa-449G«l.ft. = 9-7Beiq.fL; 
.•■ ToL of p7Tamid=| x 9-708 aq. ft. x 6 tLElO-SMcab. R. 



9. VoLofoona 
s=}xS'lU0x(2ft)' 



;4lt=l'W72xlOcab.a.BlQ7S0e^.ft. 



13. Tol. of pyramid ='lxuek of buexbcd^ 
= i X 2 eq. ft. 113 is. X hdght =1 X {H >4- It X hdgU 

-(b7lirF.}lTcab.ft.8S8in.=^Vei>b-ft.; 
.•. )ieight=8x^^onb.fL-7-fHK-ft-»Vft'='17A>Blii. 



17. Ank of hue otpooe-- 



«)00eab.iii. IdOOOonb.in. 



tl. Hera AD = AE—DE = 120 R. Than if a per- 
iwoidiciilAr AB be let &U bom the vertex ^ on th« 
due, it will meet the bsw at the intenection, th»t is 
the wii*^'ii«> point, of the di3goiial& 

ThM BE^iEF 

How £ ABE it ^liefxtz. (Bne. XL def. 8) ; 
.-. (Ene. L 47), AB = s/i^E'-EB'}= ^(aE>-~\ 

»^j(l20>-^)Bq.ft.|=Vil20'(l-i)ea.ft-> 
= 120jt/ta=J^P^/2ft. =60xl-Ui2ISGtt.: 
.'. Tol of p;nmid=ixl20>eq. ft.xeOxl-llJ2195ft. 
E286000xl-UJS186nib.fL=10729S-ie8cDl;>. fi;.s4072S3-Getil>.& neulf. 
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S2. (Vide diag. to preoedinfi;.) Here ED s 200 ft., AE » 150 ft^ ••• (as in 
preceding) JB = ^(j£«.^f) = ^1 (iW- ?f) sq. ft. j 

«;V|60«^8^-^W.ft.|=«)^/{(9-8)Bq.ft.}=60ft.; 
.*. Tol of pyramidal x 200* x 50 cab. ft. s| x 2000000 cub. ft. s666666f cab. ft. 

23. (Vide diag. to 21) ^D=r^(20-25 sq. ft.) ; 

... (aain 21)^- ^{^-^ = ^[^•'^^-^1 '^- «•] 

= V{(946-6626 - 10126) sq. ft.} =^/(986-4876 sq. ft.) =80-6849 ft. 
.% ToL of pyramid:^! x 20*25 x 30-5849 cab. ft. =206 '448075 cab. ft. 

b206'448 cab. ft. nearly. 

24. Hence (as in 21) height 

=^/{(130 ft.)« - (J diagonal)'} «:^^(16900 sq. ft. - J diag.*). 
Now, (by Eae. I. 47) diag.* of ba8e»(80*+60>) sq. ft.-»10000sq. ft.; 
.-. height s:^/{ (16900- 2600) sq. ft.} «V(14400sq. a)=:120ft.; 
•*. Tol. of pyramidal X (80 X 60) X 120 cab. ft.=192000cab. ft. 

ED 

25. (Vidediag. to21.) HereDC=EC»-^zrl2ft. Join B, C, Then 

C being the middle point of ED, and B the middle point of EF, the triangle 
ECB is similar to the triangle EDF, by Eaolid YI. 2. 

«•• BC=}D^=12ft. ; and z ABC is a rt. z (Eoc. XI. def. 3); 

.-. AB (Eac. L 47)=V(^C«-BC«)=V[{(21-8)«- 12»} sq. ft.] 

=n/{(33-8 X 9-8) sq. ft.} =V{(2 x 13 x 1-3 x 2 x 7 x -7) sq. ft.} 

=>/{(^x»'lx»"l)»q-^M=2x9-lft.=18-2ft.; 

••• Tol of pyramid*-i x 24* x 18*2 cab. ft.=3494*4 oab. ft. 

27. (As in 25), the line joining the middle point of a diagonal with the 
middle point of the longer side of the rectangle =V^^*^^0*^^"t 

.% height =^/{(28•3 ft.)« - (10-5 ft.)'} =^(38-8 x 12-8 sq. ft.) 
s^(2 X 13 X 1*3 X 64 X -2 sq. ft.) sV(6^ X 2-6 X 2-6 sq. ft.) =8 X 2*6 ft.s=20*8 ft.; 
•% ToL of pyramidal x (21 x 25) x 20*8 ft. ==3640 cab. ft. 

28. Here the line joining the middle point of a diagonal with the 
middle point of the shorter side of the rectangle =y ft. =5 13 ft.; .-. height 

=^/{(24»-18«)sq. ft.}=^(37xllsq. ft.)=V(^07sq. ft.) =20-1742 ft.; 

.'. Yol. of pyramid »i x (18 x 26) x 20-1742 oab. ft. = 8147-1752 cab. ft. 

=8147-18 cab. ft. nearly. 

29. (By Eac. 1. 47) hdght of cone=^{(26*-7»)sq. ft.} 

s^(32 X 18 sq. ft.)=^/(16 x 2 x 2 x 9 sq. ft.)=4 x 2 x 3ft.=24 ft; 
.-. ToL of oonesixd-1416x7'x24cab,ft.sl281'5072oiib. ft. 
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30. Here BC is diam. of base ; and (by hyp.), A ABC 
is equilateral; .*. AB = BC= AC szl2 it,, and radius 
JBD = 6 ft. Now (by Euo. I. 47), 

AB^JiAB^ - BD«) = V{(12« - 6») sq. ft.) = V(18 x 6 sq. ft.) 

= V(S X 6 X 3 sq. ft) = 6 V3 ft. = 6 X 1-782 ft 

.*. vol of cone s} x 3*1416 x (S> x 6 x 1*732 oub. ft. b 

=391-7700864 oub. ft. = 891-8 oab. ft. nearly. 




81. (Vide diag. to preceding.) Here^B=41ft., andil2)s40ft., 
.*• BD (by Eac. I. 47) 

=V(^B»-iiD»)=V{(41«-40») sq. ft.} =V(81 x 1 sq. ft.)=9 ft.; 
••• vol of cone=ix3'1416x9'x40cnb.ft.s:8892'928oab.ft. 

83. (Vide diag. to 80. ) Here .iB = 17 ft., and BD = 8 f t. ; .•. (by Euc. I. 
47)^D=^/(ilB»-B2>')=^/{(17«-8a)8q.ft.)=^(25x98q.ft.)=6x3ft.=15ft.; 
.*. vol. of vessels I X 3*1416 x 8> x 15 cub. ft. » 1005*312 oub. ft. ; and the vol. 

of lgaUon=277-274cub.in.=H^^^cub.ft. = ^S^cub. ft.; .*. no. of 



1728 



864 



11 • irnroin v «x 1005*312x864 868589*568 ^^^^ « „ 
gallons in 1005*312 cub. ft. = — ^qq,,^^ — ss. ,^^.^p^ =6265*2 gallons 



nearly. 



138*637 



138*637 



84. Vol. of wine glass = | x 3*1416 x (} in.)* x 8 in. = 3*1416 cub. in. 



85. Badius of bases 



16 ft. 



8 



2 X 31416 8*1416 
64 



ft.; 



.'. vol. of oone=| x 3*1416 x /o.j^^tgu x 15 cub. ft. 



40 



*3927 ^^' ^^ ^ 101*858 cab. ft. = 101*86 cub. ft. nearly. 



36. Here ED=3ft., FG^^ft., ^2)=5ft., and eir- 
cum. of cirde £HCs=80ft. •*• radius of ciiwle BHC 
30 ft. 15 

"^ 2 X 3*1416 ~ 8*1416 • 

.% ToL of cone ABCz^\ x 8*1416 x /^J^ft. V x 5 ft. 



15x25 
'8*1416 



cub. ft. =119*3659 cob. ft. ; 




and vol. of cone JBF6F=tx 3*1416 xPsq. ft. x 3 fi= 3*1416 cub. ft.; .-. vol. 
of sand alone = vol. of cone ABC - vol. of cone EFQ 

» (119*3659 - 8*1416) cub. ft. = 116*2248 cub. ft. 



B C 
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87. Radius of baBe=s9 ft-i-(2 x 8-U16) ; .«. area of base 

=8-1416 X 81 sq. ft.-^(2 x 8-1416)a=27 sq. ft. n-(4 x 1-0472) ; 

46x8x4x1-0472., i«^„„^. 
A lieight=voL-5-iareaof baae= ^^^ ft.=10-472ft. 

88. The room is in the form of an hexagonal prism having a pyramid 
vith an hexagonal base resting on the top of it. .-. vol. of room = vol. of 

prism + voL of pyramid = 6x^??|^^/3x30ft.+ix6x^-?5^^3xl5ft. 

(vide Chap. XV. 6) = (600 ^3 x 80+ 600^3 x 6) cub. ft. 

= 600 ^/3 (30 + 6) cub. ft. = 21000 x 1-7320508 cub. ft. = 36373-07 cub. ft. nearly. 

89. Here ABCD is the required pyramid, of which 
LBCD is right angled (because l BCD being the angle 
of a square is a right angle), and ACi% the height; and, 
by hyp., BC=CD=C7il=Jy^ft.=:10ft.; .'. ToL of 
pyramid ABCD 

, BCxCD ^^ - 10x10 -^ . -. 
sr^x^^^ — xAC=ix — 2 — xlOcub. ft. 

=^ cub. ft. = 166} cub. ft. 

40. (As in preceding) vol. of pyramid 

=^ X -^- X 6 cub. ft.=36 cub. in. ; 

and vol. of whole cube = (14 in.)' =2744 cub. in. ; .*. vol. of solid remaining 

= (2744 - 86) cub. in. = 2708 cub. in. 

41. Vol. of pyramid =i X (J4Ayd8.)»xH^ yds. := "oV^7Tyo cub. yds. 

= 8466145 cub. yds. nearly. 

42. Vol. of whole spire 

10> 
=|x6x^V3x50cub.ft. (vide38)=2500/^3eub.ft; 

and vol. of hollow portion =1 x6xjx^8x45 enb. &=1622-5 x ^^8 cub. ft. ; 

.*. vol. of stone work alone 

:= (2500 V3 - 1822-5 x 1^8) onb. ft. ^»JB (2600 -1882-6) cub. ft. 

=1-7820608x677-5 cub. ft.=1173*46 cub. ft. nearly. 

CHAPTER XXVL 

Note, The Examples in this Chapter may all be readily solved by the 
application of the rule in Art. 268 of the text. Here they have been solved 
by first finding the height of the original cone or pyramid from which the 
frustum is taken. Then the vol. of the frustum = vol. of whole pyramid 
or cone of whicdi the frustum is a part - vol. of the smaller pyramid or cone 
which remains after the frustum has been cut off. This method of solution 
will be found instructive to the student, though somewhat longer than that 
furnished by the rule. 
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1. VoLrequired=Jxl'6ft.{(4-6+12-5) 
+>/<*-5 X 12-6)} sq. ft. = -6 ft. x (17 + ^/66^) sq. ft. 

s -5 (17 + 7-5) oub. ft. = -5 X 24*5 cab. ft. = 12*25 onb. ft. 

5. Let ABC be the cone of which DBCE is the given 
frustum, 80 that DF=3ft., J5G=4ft., FQ =^5i ft. =^ ft. 
Kow from Bimilar A- ADF and ABG (by Eoc. VI. 4), 

AFiFD ::AG: GB; 

.-. AFxGB=FDxAG=FD{AF+FG); 

.-. AFxGB=FDxAF+FDxFG', 
.-. AF (GB - FD) =FDxFG; 

,„ FDxFG 3ft.xVft. i,«*t 
'• ^^^GB-FD 4ft.-3ft. ^ ' 

.'. iiG=^F+F(?=(-V+V)ft'=21ft.; .'. vol of frustum DB(7£=toL of 
cone ABC - vol. of cone ADE 

=\ X 3-1416 X 4^ X 21 cub. ft. - 1 x 3-1416 x 3' x ^cub. ft. 
=i X 3-1416 X 21 (16 - J^) cub. ft. = 3*1416 x 7 x i^ cub. ft. = 203-4186 cub. ft. 

(Note. We have proved above that if the cone, of which the frustum is 
given, be completed, the height of the cone above the smaller end of the 
frustum is equal to tibe product of the smaller radius and height of the 
frustum divided by the difference of the radii of the two ends. In the same 
manner it may be shewn that the height of the whole cone is equal to the 
product of the greater radius and height of the frustum divided by the 
difference of the radii of Uie two ends.) 

9. (Vide diag. to 6.) HereDB=6ft.,DF=7ft., BG=10ft.; DrawFH 
paraUel to DB, meeting BG in H. Then (by Euc. I. 34), J'if =I>jB=6ft., 
tLndBH=DF=7ft.; .-. Gir=BG- BIT =(10 -7) ft =3 ft. 

.-. (byEuc.L47)FG=V(^J5P-Gfl2)=^((6«.3a)flq.ft.}=^(16sq.ft.)=4a; 

DFxFG 7ft.x4ft. 



.-. (as in note to 6), AF=^^^-^= ^^^^^ ^^ 

.-. iiG=(V+4)ft.=Vft.; .-. vol of frustum D5CJ5 
=i X 3-1416 (10« X Y - 72 x V) cub. ft. (vide 6) 

1-0472 
= J X 3-1416 (4000 - 1372) cub. ft. = 



=Vft.; 



s 



X 2628 cub. ft. =917-3472 cub. ft. 



10. (Vide diag. to 5.) Here DF=f ft., BG=2ft., and DB or FH=8ft.; 
.-. HG (as in preceding) = 2 ft. -| ft. =| ft.; .-. FG (by Euc. I. 47) 

=^{82-(f)»} sq. ft.]=^/(¥xi^sq. ft.) =^(62-4375 sq. ft.) =7-9017 ft. 

.-. AF= (i ft. X 7-9017 ft.)-f-(2 ft. - f ft.) =4-7410 ft. ; 

.-. ^G= (4-7410 +7-9017) ft. =12-6427 ft. .-. voL of frustum DBOB 

= ^ X 31416 (28 X 12-6427 - A ^ 4-7410) cub. ft. 

= i X 3-1416 (50-5708 * 2-6668) cub. ft. = 1-0472 x 47-904 cub. ft. ; 

.-. co3t=l-0472x47-901x£§t=£60-198...=£00. 45. nearly. 
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11. Let ABDC be the pyramid, of whieh EBDCOF 
is the given frastiim, so that EF=:FQ=GE^Q'ti,t 
BDrzDC^CB^l ft., nK=:i ft. Now from similar 
A* AEF and ABD, (by Eac. YI. 4) AB : BD :: AE i EF; 

.*• AB = — =r= — s| X AE ; again from similar A* AEff, 

and ABK, AH : AE y, AK : AB; 

i.e. ilH :AE:: AH+HK : .IB; 

. AE {AH+HK) _ AE{AH+4.ft,) _ 
" ^^ AB = lAE f^^+Vft., 

.-. ^AH=^n.; .-. ^£rc24ft. 

.'. i!lJS:=:(24+4) ft. =28 ft.; .•. vol. of given frustum 
= vol. of pyramid ABDC - vol. of pyramid AEFQ 



n/3 /. o7«— oTfi\ V «4 1-7320608 




xl27oub.fi. 



^78*323 cub. ft. nearly. 

12. Let ABODE be the pyramid, ol which 
FGBCDEHK is the given frustum, so that 

BC=CD=zDE=EB=90it.i 

FG=GH=HK=KF=^20{t.; J'L=LG=10ft.; 

BM= MC=: 15 ft. ; and LM=s 13 ft. Draw OQ parallel 
to LM, meeting MN in Q. .*. OQ=LM (by £uo. I. 
84) = 13 ft. Now (as in Chap. XXY. 21) 

MN=iBE^15ti.; sjidLO^iFK^lOft,; 

and QN=MN'MQ^MN-'LO (by Euc L 84) 

= (16- 10) ft. =6 ft. 

Now (by Euc. L 47), ON=^^{QG»--QN*) 

=n/{(169 - 26) sq. ft.} =:^(144sq. ft.) sl2 ft. b 

Now, join A, L; then from similar L*ALO and AMN 
(by Euc. VL 4), AG iLOiiAN i MN; 

ie., AG : 10ft. :: ulO + 12ft. : 16ft.; ^ 

••• 16ft.XilOsl0ft.x^O+1208q.ft.; 

.-. ilO=24ft.; .-. AN=^QQtL c 

/. vol. of given frustum 
= (ix803xS6-ix20>x24)cub.ft.=|xl03xl2(gx8-4x2)oub.ft. 

;^ 100 X 4 X 19 cub. ft. s 7600 cub. ft. 
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13 and 14 are solved like 6. 
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15. (Vide diag. to 5.) Bare DF=^1 it., BG^^Btt., FQ ^3 ft.; 
DFxFG 



.'. AF^' 



(vide note to 5)=21 ft. ; .*. AG=2i ft.; 



BG-DF 
••. vol. of cone ABC=i x 8*1416 x 8< x 24 onb. ft.a3-1416 x 8> cab. ft. 

= 1608-4992 cub. ft m 1608*5 cub. ft. nearly. 

16. Let ABC be the cone, of which DBCE is the 
given fnutam, bo that DH=1 ft., BL^Sit., HL=:d ft., 

lfir=ia:,«|ft.; .-. JH=^^^^(videnoteto5)=21ft. 

.% AK=AH+HK=^n., andilLs24ft., and 

p^_DH+BL j^^^ ^j^p 2av. 15) = V ft- 

.*. voL of frnstum DFGE ^yo\. of cone ilFG-voL of 
cone ADE «= {i x 81416 x (V)' x >^} cub. ft. 

-{ix3-1416x7*x21}cub.ft. b** 
six 8*1416 (^^\^ - 1029) cub. ft. = 1*0472 x ^V^ cub. ft. 

=247*8 cub. ft. nearly; and voL of frostom FBCG =yoI. of cone ABC 
- vol. of cone AFG=^\ x 3*1416 x {8« x 24-(Jf )« x V-J cnb. ft. 

sl*0472 (1536-^^1^) cab. ft. ==*1309x 2163 cob. ft.rr283*l cnb. ft. nearly. 



17. Let ABC be the cone, so that DLs 7 ft.» 
I?0 = 8 ft., iO= 3 ft., 

Then (as in preceding), AL» 21 ft., and ^1 0=24 ft., 

andilJtf'=22ft., and ^2ir=23ft.; now from similar 

t^ADL and AFM, we have AL : LD :: AM : FM; 

„,, LD X AM 7 X 22 .^ ,, .^ , „^. 
FM= 3-s: — =-:rr— ft. = Vft., andlf^^ 



A 



AL 



21 



2 



(vide Chap. XIV. 15) 

= (V+8)ft.-5-2=Vft.; 




.*. vol. of frastnm DFGE svoL of oone AFG - voL of cone ADE 

= I X 3*1416 {(W' X 22 - r* X 21} cub. ft. = 1-0472 (^^ - 1029) cub. ft. 

=z 10472 X ^^ cnb. ft. = 1 *0472 x 1387 x 192 cab. in. = 278873*5 cub. in. nearly. 

VoL of fruBtum FHKG =toI. of cone AHK-toI. of cone AFG^ 

= I X 3*1416 { ( V^)' X 23 - (V)' X 22 } cub. ft. 

sr 1-0472 (12167 - 10648) x 192 cab. in. = 305413*8 cab. in. nearly. 
Lastly, vol. of frastam HBCK ssyoL of cone ABC -yoI. of oone AHK 
=i X 3*1416 {8' X 24 - (V}« x 23} cub. ft. = 1*0472 (1536 - i2|Ai) x 1728 cab. ft. 

B 1-0472 X 1657 x 192 cab. in. = 333160*4 cab. in. nearly. 
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18. Her6G^=10ft.,HBs8ft., 

CF=12ft., CZ)=DF=6ft.; 

Join Bt C; E, F, Then (as is proved 
Euo. lY. 15), BC=BH=8tt., and 

EF=EG=10tt.; 

now, from similar L*ACB and AFE^ 

AC\ CB ::AF:FE; 

^^ BCxAF 8 tt. {AC +12 ft.) 
''' ^^--yjE 10 ft. 

^ ft X AC +48 6q, ft. 




6 ft. 
.-. 6^C=44C+48ft; .-. .iC7=48ft.; 
.*. ilD = 54 ft., and AF= 60 ft. Again 
KO=i{BH+EO) 

hide Chap. XIV. 15) =9 ft., .*. voL of upper 

f]:a8tam=To]. of pyramid whose height is ^D - vol. of pyramid whose height 

13 il(7=rix6x jV3x64-tx6x^V3x48)cub. ft. (vide Chap. XV. 6) 

=ixfV3x6(92x9-8«x8)cQb.ft.=8V3(729-612)cub.ft. 

« 3 X 1-7320508 x 217 cub. ft. = 1127-6 cub. ft. nearly. 



Again, vol. of remaining frustum = i x | ^3 (10^ x 60 - 9^ x 54) cub. ft 

-V3 
""2 



X 6 (1000 - 729) cub. ft. = 3 x 1-7320508 x 271 cub. ft. = 1408-2 cub. ft. 

nearly. 



Or thus : As an example of the rule in the text, Art. 268, we will here find 
the volume of the frustum BHCKOD. BH^ 8 ft,, KO =9 ft,, CD =6 ft. 
Thus the area of the end BCH=i x 8^ x ^3 (vide Chap. XV. 6), and the area 
of the end ROD =4 x 9« x ^/3. 

Thus vol. of frustum=|x6(lx8»xV3+|x9*xV3+4x8x9x^/3) 

=ix6x|x^3(8'+9«+8x9) 

=3^3x217=651^3 cub. feet. 



CHAPTER XXVn. 

Note, A wedge has three parallel edges. If a cross section be made of 
it by a plane perpendicular to these edges, the section will be a triangle, of 
which tiie base is the width of the base of the wedge, and the height is the 
height of the wedge. The volume of the wedge will be found by multiplying 
the area of this triangle by one-third the sum of the three parallel edges. 
Vide Art. 277. 



UENSniU.TIOK. 63 

1 Length of the edge+twioe the length of the base 

sr (27 + 2 X 27) inohes = 81 inches ; 

- . , 81x8x15 9720 -^«^ . . , 
•% vol. of wedges g =3 -g- =r 1620 cub. inches. 

2. Length of the edge+ twice the length of the base=:9+ 12=21 feet ; 

- 21x8x2., ,.^ 
.*. Tol.= g s 21 cab. fact. 

8. Length of the edge + twice the length of the bases 24 + 30 = 54 inches; 

, 54x15x24 _-._ • , ,. 

.•. 70l. = ^ =3240 cab. inches. 

6 

4. Use Art. 277. Aiea of the equilateral base 

=43 X ^ (vide note, Chap. XIV. 24) s 4 ^3 sq. inches ; 
.*. Tol.»V X 4^3=20 ^3=34-64 onb. inches. 

5. Use Art. 279. Area of the rectangular base = 7 x 8 sq. inches ; 

.*. vol. = V X 7 X 8 = 588 cub. inches. 

6. Sum of the parallel edges of the wedge = 2 x 27 + 21 = 75 inches ; 

.*. Tol. = 160 X V=4000 cub. inches. 

10* 

7. Area of the cross section = -r-sl^ ^* inches (vide note^ Chap. XIY. 24), 

and sum of the parallel edges =25 +44 =69 inches ; 

.-. VOL =g X 69 X =j-^/3= j^ X 173'2=996-9 oub.inches. 

8. Here AT) = 15 inches ; JBF= 24 inches ; 
BC= 7 inches; and the perpendicular from 
any point of the edge on the base = 22 inches ; 
and the wedge is divided as in the question 
by the plane DOH. Thus 

QF=BF-AD=9 inches. 

Then the area of a section of the prism 
made by a plane peipendicular to the edge is 

7 x22 

— - — sq. inchess77 sq. inches ; 

.'. voL of prism =15 x 77=1155 cub. inches, 
and vol of pyramid=| x 7x9 x 22=462 cub. inches. 
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9. Here AB=77 indhes, CF^dS h 
CD=B inches, and the perpendionlar from 
any point of the edge on the baeealiindiefl. 
The wedge is divided as in the qnestioB by 
the plane MHG. We have then 

Aff= 18inohes,£^=s 9inche8,Jir^= ISinches. 

Then the area of a section of the prism 

AHCO made by a plane perpendicolar to the 

8 X 14 
edge is — ^ — =56 sq. inches ; 

.*. vol. of prism =56 x 18=1008 cub. inches. 

Also, the area of a cross section of the wedge HME is the same as that 
of the prism and =56 sq. inches, and the stun of its l^ee parallel edges is 
2x15 + 9=89 inches; 

.-. yol. of HME=: — 5 — =728 onb. inches. 

o 

10. A cross section perpendienlar to the ed^ will be a triangle whose 

height is that of the wedge, namely 12 inches ; its base the breadth of the 

5 X 12 
wedge, namely 6 inches, and .*. its area will be — ^ — =30 sq. inches; and 

the sum of the three parallel edges of the given wedge=2 x 27 +36 =90 inches; 

.*. vol. of the whole wedge=30 x ^=900 cub, inches; 
and vol. of part cnt off =80 x ^=420 cub. inches; 
.'. vol. of remainder =900 -420 =480 cub. inches. 



CHAPTER £^Vni. 



1. Area of one rectangular end =400 x 180=72000 sq. feet ; and area of 
the other rectangular end =850 x 150=52500 sq. ft. The middle section is a 
rectangle of which the dimensions are ^ (400 + 350) and } (180 +150), that 
is, 375 and 165 feet (vide Art. 163), and the area =61875 sq. feet. Thus the 
volume of thecavity=Y(72000+4x61875 + 52500)=744000 cab. feet. 

2. Area of the rectangular top = 400 x 180a 72000 sq. feet; and area of 
the rectangular bottom = 150x350= 52500 sq. feet. The middle section is 
a rectangle of which the dimensions are i(400+ 150), and ^ (180+350), that 
is 275 and 265 feet, and the area =72875 sq. feet. Thus the vol. of the 
cavity =J^ (72000 + 4 x 72875 + 52500) = 832000 cub. feet. 

3. Area of the top rectangle =81 x 54=4374 sq. inches ; and area of the 
bottom rectangle =42x30 = 1260 sq. inches. The middle section is a rect- 
angle whose dimensions are J (81+42), ^ (54+30) inches, and whose area is 
therefore 2583 sq. inches ; 

.*. the vol. of the waggon = V- (^B74 + 4 x 2583 + 1260) = 125067 cub. inches. 
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4. Area of the top reotangle=:r250x 16=4000 sq. feet; and area of the 
bottom rectangle = 240 x 14 = 3360 sq. feet. The middle section is a rectangle 
whose dimensions are 245 and 16 feet, and whose area =3675 sq.ft. Thus 
the vol. of thecanal=ix|(4000+4x3675 + 3860) = 16545cab.feet; and the 

number of gallons required to fiU it =15^^^=103110. 

144 + 36 

5. Area of one trapezoidal end= — ^ — x 86= 3240 sq. feet; and area 

of the other trapezoidal end= — jc — x 24 = 1728 sq. ft. The middle section 

is a trapezoid, of which the corresponding dimensions are ^(144 + 108), 
1(36+36), i(36 + 24), that is 126, 36, 30 feet, whose area is therefore 

}^^^ X 30=2430 sq. feet. 

Thus the volume of the cutting =\x 137} x (3240 + 4 x 2480 + 1728) 

=836600 cub. feet. 

12 + 8 

6. The length of the section made by the cutting plane = — ^— =10 ft. 

(yide Art. 163), and its breadth =—7^ — =8 ft. Thus the vol. of one of the 

prismoids = } x 2 (120 + 4 x 99 + 80) = 198| cub. feet. , and the vol. of the other 
=ix 2(80+4 x68 + 48) = 126} cub. ft. 

7. Thelengthof the upper section =—?—= 12 ft. (vide Chap. XlV. 

o 

16), and the breadth = ^ =9 ft. Thus the volume of the upper 

o 

prismoid=^x 3 (80 + 4x98} +108) =281 cub. ft., and the others may bo 

found similarly. 

8. In the figure EH AC is one wedge, and 

BCEG is the other. Let EH= 20 ft., BC= 14 ft., 

£F=16ft., ^£=12 ft.; and the height of each 

wedge will be the same as that of the prismoid, 

5 feet. Now in the wedge EH AC the area of 

. . EF X height « - .^ ., 
a cross section= 5— -2 — =8x5=40sq. ft. ; 

and the sum of the three parallel edges 

= 20+20 + 14=54 ft.; 

•'. voL of wedge =40 x V =720 cub. feet. 

Also, in the wedge BCEO the area of a cross section 

^£x height .. . . 
s= g ^ =30 sq. feet ; 

and the sum of the three parallel edges = 14 + 14 + 20=48 feet ; 

••• vol. of wedge = — ^ — =480 cub. feet. 

9 
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68 MENSURATION. 

9. The wedge ifl divided into a priemoid and a wedge, wd the dimen- 
sions of the figure formed by the cutting plane are, 

length=?^=16 inches, and breadth ( inches. 

Thus the volume of the prismoid=ix8(7x8+4x 12 xV+16xl) 

ss485i cub. inches. 

Also the area of a cross section of the wedge=Jx8x5=14sq.inches; 
and the sum of its parallel edges=i2 x 16 + 24=66 ; 

/. Tol.= V X 14=261J cub. inches. 

10. There are two prismoids and a wedge ; the dimensions of the section 
nearest the edge of the wedge are, length= ^^y =24 inches, and 
breadth=iof 16=5 inches; (vide Chap. XIV. 16). Those of the other 
section are ^^^^"^-=21 inches and » of 15 = 10 inches. Thus area of 
cross section of Lwedge=ix5xJf =10 sq.inches, and sum of the par^^ 
edges=2 x 24+27 = 76 ; .'. vol. = V x 10=250 cub. inches. 

Alsovol.ofprismoidnexttoit=ix4(24x5+4xVxV + 21xl0) 

&=670 cub. inches. 
And the volume of the other prismoid may be similarly found. 

11. Length of the section =^-^i^|±^^= 14 ft. (vide Chap. XIV. 16), and 

breadth=^^^^"*"^^=14 ft. ; thus the section is a square. 
3 

12. Volume of the prismoid at the larger end 

=lx3(192+4xl3xl6 + 196)=584cub.fect. 

Similarly the other may be found. 



CHAPTER XXIX. 

(Note. The vol. of a sphere =| of vol. of circumscribing cylinder, Le. of 
a cylinder the diameter of whose base, and whose height, each = diameter of 
sphere. This is an easily remembered method of expressing the rule of tihe 
text. If r be the radius of the sphere 

I X 3-1416 X (2r)9=f x 3-1416ra x 2f.) 

1. Vol. of sphere=f x 3-1416 x (Jf in.)3 x 11 in.=-2618 x 2662 cub. in. 

=696-9116 cub. in. 
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6. Diam. of sphere sTg;^^^^; 
.-. vol. of Bphere=i x 8-1416 x ^g^^ ft.) x ~-^ ft. 

OCL 

<8'1A16^« ^^^* ft. =8*66 cub. ft. nearly. 

9. Vol. of gphere (were it entire) «| x 8*1416 x (J)" x 6 ciib. in. ; and vol. 
of hollow part = | x 8*1416 x 2^ x 4 cub. in. ; .*. vol. of ghell 

= I X 8-1416 (J^ - 16) cub. in. = 2 X 1-0472 x ^^ cub. in. = 31-9396 cub. in. 

6=31*94 cub. in. nearly. 

18. Vol. of bowl 

= J X I X 3 -1416 X 14« X 28 cub. m. = 1-0472 x 14» x 28 cub. in. ; 

and vol. of 1 gallon = 277-274 cub. in. ; .*• no. of gallons the bowl contains 

1-0472x142x28 2873'6168 „^ „« 
= —277-274— = TSSMBST'^^'^^ ^^^y- 

14. Vol. of tank=i x J x 3-1416 x 5* x 10 cub. ft. 

s -2618 X 10> cub. ft. » -2618 x 10* x 1728 cub. in. ; 

and vol. of 1 gallon =277-274 cub. in. ; 

. „ . . , •2618 X 10» X 1728 
.•. no. of gallons in tank= 277^74 ' 

. - -2618 X 10» X 1728 . . 876992 . . o.„ . , 
.*. time required= — 277^74"x6~ minutes=jgQ;gg^ minutes =272 minutes 

nearly. 

15. Here length of cylinders (29 - 8) ft. =26 ft. ; .*. vol. of solids vol. of 
cylinder + 2 vol. of one hemispherical end =3-1416 x (f)' x 26 cub. ft. 

+ 2 X i X i X 3-1416 X (4)3 X 3 cub. ft. = 3-1416 x j^ (26 + 2) cub. ft. 

= -7854 X 252 cub. ft. = 197-9208 cub. ft. 

IG. Here length of cylinder = (22 - 4) ft. = i^ ft. ; 
.% vol. of soUd=3-1416x(t)«xVc«^-tt- + 2xJx|x8-1416x(t)»xf cub.ft. 

=3-1416 X H X i (39 + V) cub. ft, =i?2iil|^iil?Z cub. ft. ; 

and weight of 1 cub. foot of water =1000 oz. Av.=^lbs.; ••. weight of water 

•1309x25x127 ,,.,, /.>inj iu i 

= X J'JA lbs. = 6494 lbs. nearly. 

17. Quantity of wood cut away = vol. of cube- vol. of sphere 

= (I in.)» - 1 X 3-1416 x ({)» x < cub. in. = (♦)« x (1 - i x 3-1416) cub. in. 

= ^ X -4764 cub. in. = 48-41195 cub. in. = 43-412 cub. in. nearly. 

5—2 



68 HENSX7BATI0K. 

18. YoL of ahot=}x3-U16x(3m.)>x6m.==36x31416cnb.m.; and 

2-1 
weight of 1 cab. in. of iron=4'2 oz. =-^ lbs. 

.*. weight of ahot=36x3'1416x^lbs.=29'6881bs« 

19. Vol. of 1* sphere = f x 3*1416 x (2 in.)* x 4 in. ; and voL of 2»* sphere 

=f x3'1416x(f in.)*x6in. Bnt 1** sphere weighs 221-3 oz.; .-. 2^ sphere 

. , I X 3*1416 X V- X 6 „„- « 27662-5 .„„ ^- , 

weighs \ — atA^a A A X 221-3 oz. = —^. — oz. = 432-227 oz. nearly, 
fx 3*1416x4x4 64 

20. Vol. of hollow portion 

=|x3-1416x(})>x7cnb.in. = *5236x343cab.in.; 

and weight of 30 cab. in. of gunpowder =1 lb.; •*. weight of powder required 

•5236 x 343 ,, 179*5948 ,, ^ .^^ .. ,, 
c! -^ lbs. = — g^ — lbs, = 5-98649 lbs, 

22. Internal diam. = (10 - 2) in.=8 in.; .*. vol. of shell 

b(|x3-1416x5'x 10-1x3-1416 x4>x8) cab. in. 

7.0040 
« J X 3-1416 (250 - 128) cab. in. = 2 X 1-0472 X 122 cub. in. = ^—^ cub. ft. ; 

7.0040 
.-. weight=^-i^x2161bB.=31-93961bs.=31-941bB. nearly, 

24. Vol. of shell 

= {I X 3-1416 X (4-2)» X 8-4 - 1 X 3-1416 x (3-6)» x 7-2} cub. in. 

= 2 X 1-0472 X 16 X 27 (-7' - •6») cub. in. 
*= 1-0472 X 32 X 27 X -127 cub. in. = -5236 x -127 cub. ft. ; 

.-. weight of shell = -5236 x -127 x 7860 oz. =522-667992 oz. =522-67 oz. nearly. 

25. Inner diam. = (13 - ^) in. =i^ in. ; .*• vol. of shell 

= J X 3-1416 X {(Jj^)« X 13 - (V)' X V-} cub. in. = 2 x 10472 x ^ (1 - ft) cub. in. 

-ooft 01 oT «T %.' -1309x2197x37 , . 10640-7301' . . 
= '0236 X 2197 x | J cub. in. = ^^ cub. in. = =^ cub. in.; 

lo J-O 

• 1.* r 1. 11 10640*7301 . . 11704-80311 ^^^^ ^,^_ 

.*. weight of shell = =^- x 4-4 oz. = oz. =2926*20077 oz. 

16 4 

27. Vol. of ball = | x 3*1416 x 2^ x 4 cub. in. = 1 *0472 x 32 cub. in. Inner 
diam. of shell = (20 - 4) in. = 16 in. ; vol. of shell 

B } x 3-1416 X (103 X 20 - 83 X ig) cub. in. = 1*0472 x 32 x 61 cub. in.; 
/. weight of sheU=i:^^ig^^ x 9 lbs. = 549 lbs. 
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28. Vol. of l-» BheU 

=2x1-0472 {(f)»x6-(|)«x8} cub. m.=l-0472x49 cub. in.; 
and vol. of 2^ shell 

= 2 X 10472 X {(V)^ X V- - (I)* X i } cub. in. = 1-0472 x ^V* ca^- »»• ; 

.-. weight of latter = ,^'^Jf ^}a^a ^ V- lbs. =\^ lbs. =28-6875 Iba. 
^*^ 1-0472x49x8 " * 

29. Vol. of cone = } x 8-1416 x 2> x 7 cub. in. s= 1-0472 x 28 cub. in, ; and 
vol of spherical shell = | x 8-1416 x (2* x 4 - 1 x 2) cub. in. = 1-0472 x 28 cub. in. 
Now since the cone and shell are of the same material and Tolume, they 
must likewise be of the same weight. 

80. VoL of ball=fxd-1416x2<x4cub. in.=l-0472x82cub. in.; and 

YoL of pyramid =^ x -j <y8 x 8 cub. in. = 1*7820608 x { cub. in. ; .*. weight of 

. , 1-7820508 X 8 ^ „ , o>ni. 
P^°^^^= r0472^^M3r3 ^ ^ ^^«- = ^-^^ ^^^^ 

81. VoL of cone 

=1 X 3-1416 X 4* sq. in. x height = 1*0472 x 16 sq. in. x height ; 
and Tol. of sphere=f x 8-1416 x 2> x 4 cub. in. = 1-0472 x 82 cub. in. ; 
•*. 1-0472 X 16 sq. in. x height of cone = 1-0472 x 82 cub. in. ; 

.*. height of cone = 2 in. 

82. Vol. of cone = f x 8-1416 x radius* x 12 in. = 1*0472 x 12 in. x radius* ; 
and Yol. of sphere = f x 8-1416 x 8* x 6 cub. in. = 10472 x 2 x 3^ x 6 cub. in. ; 
.*. 1*0472 X 12 in. X radius* = 10472 x 2 x 8* x 6 cub. in. ; 

•*• radius*=8*8q. in.; •*• radius=8in. 

16 
88. Eadius of base of cone= o ., .-^ ft.; .*. vol. of cone 

o*141d 

(16 \* 16* 

g;^^^ j sq. ft. X height=i X g;j^ sq. ft. x height; 

and Yol. of 8phere= } x 8-1416 x 5* x 10 cub. ft ; 

.*. height of cone= ^ ^ ^^'"^^^gl' ^ ^' ^ ^^ ft.= 19-27666 ft. =19-28ft. nearly. 

34. Vol. of solid = vol. of cone + vol. of hemisphere 
= {i X 3-1416 X (»)« X 6 + J X ^ X 3-1416 x (f )» x 6 } cub. ft. 

= 8-1416 X V- X 6 (i + i) cub. ft. = 66-46 cub. ft. 

86. Vol. of Earth=$x 8-1416 X (8960)* X 7900 cub. miles; and voL of 
Moon = i X 8-1416 x (1080)* x 2160 cub. miles ; 

. vol. of Earth (3960)* x 7900 _ /896y _ (400 - 6)g _ 61629875 _ . 
•'* vol. of Moon " (1080)* x 2160 ~ \lb8/ "* (100 + 8)» " 1269712 "" 

nearly. •*. the Earth is nearly 49 times larger than the Moon. 
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86. Vol. of 8phere=}x31416xlO»x20cub.in.=54188-8oiib.in.; sideof 
cube Teqiiired=^(4188-8 cub. in.)=: 1612 in. 

87. Vol. o£cube=(20in.)'=8000cub.in.; and vol. of sphere 

=ix8-m6x(^^yxdiam.=diam.»x-6236; 
.•. diam.=^(8000cub.in.-^-5236)=24-8Uin. 

S3. Vol. of cylinder = 8-1416 x 8» x 12 cub. in. ; and vol. of sphere 

=i X 3-1416 X (^^* Y X diam.=3-1416 x i x diam.»; 
••. diam. of sphere =^(8»x 12x6 cub. in.) =4/(4608 cub. in.) =10-64 in. 

39. Vol. of hollow sphere =15x30 cub. in. =460 cub. in.; but internal 
diam.' x ^ x 3*1416= vol. of hollow sphere; .-. internal diam. 

=4/(450 X 6 cub. in.-5-3-1416) =4^(226 cub. in. 4- -2618) =9*5076 in. 

40. Vol. of I* ball = t X 1» X 3*1416 cub. in. = -5236 cub. in. ; and vol. 
of 2»*ball=Jx 3-1416 xdiam.8= '5236 xdiam.8; .-. weight of latter =diam.8 
X A 1TI>8- = 0>y hyp. ) 588 lbs. .-. diam. of 2»*» ball 

=4^(688 X V cub. in.) = 4^(196 x 14 cub. in.) = 4/(14» cub. in.) = 14 in, 

41. Vol. of sphere= (220-16-J-6-57) cub. in. ; 

.-. diam. =4/t{220-16-j-(6*57 x -5236) ) cub. in.] 

«=/y{(56-04-=--860013)cub. in.} =4^(64 cub. in. nearly)=4in. 

42. Vol. of Stilton oheeBe=3-1416x4>xl4cub. in.; .-. vol. of Dutch 
cheese = 3*1416 x 4^ x 14 x -fj cub. in. .-. diam. of latter 

=4^(3*1416 X 56 X 3 cub. in.-^ -5236) =4^(1008 cub. in.) = 10-03 in. 

CHAPTER XXX* 

Note, (1) Vol. of spherical zone=-5236x^ {3(r3+i22) + ^2}, and vol. of 
spherical segment = *5236 x /t (3 x r*+h% where h is the height of the zone, 
r the radius of the base of the segment, or of one of the ends of the zone, 
and R the radius of the other end of the zone. 

(2) In the following solutions the diagram represents a section of the 
sphere made by a plane through the centre at right angles to the base of 
the segment, or to the ends of the zone. The construction of the dia« 
grams is the same as that employed in the solutions of the examples in 
Chap. Vn. 

1. Vol.ofzone=-5236x3{3(83+70 + 3«}cub.in. = -5236x3x348cub.in. 

=546-6384 cub. in. 

3. Vol. of segment :t: '5236 x 6 (3 x 4» + 62) cub. ft. = -5236 x 6 x 84 cub. ft. 

=263-8944 cub. ft. 
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6. Here ^-4=EB=6ft., and DB=4ft., A 2)E=2 £1.; 
.•• (Euo. 1. 47), AD*=AE^ - ED^= (62 ^ 2^) sq. a = 32 gq. ft.; 
••• vol. of segment ^£C=*5236x4 (3x82+4^) cub. ft. 

r=: -5236 X 4 X 112 cub. ft. =234*5728 cub. ft. 

7. (Vide diag. to 5.) Here AD=12tt,, AE=nft,; 
.-. DE=J(AE*- JD«) = V {(13" - 12^) sq. ft. }=,y(26 x 1 sq. ft.) 
= 6ft.; .-. BD=BJS-D£ = (13-6)ft.«8ft.; ,-. vol. of 
segment ABC- -5236 x 8 (3 x 12« + 8«) cub. ft. 

= -5236 X 8 X 496 oob. ft. =2077*6448 cub. ft. 

9. Herei<Jg;=EB=10£t.,ED=6ft.; .*. also DP =6 ft.; 
AD^=AE^ - ED*= (lOa - 6^) sq. ft. =75 sq. ft. ; 

.-. vol. of segment ABC=-52Z^ x 6 (3 x 76 + 6*) cub. ft. 
= -5236 X 5 X 250 cub. ft. = 654*5 cub. ft. 
And Yol. of segment AGC =toI, of whole sphere -yoL of 
segment ABC= (^ x 3*1416 x 20* - 654-5) cub. ft 

= {4188-8 -654-5) cub. ft. =3534 -3 cub. ft. 

10. (Vide diag. to 6.) Here AE=EB=9ft., and 2)F=2DB;'but 
DF+DB,i.e. 3DB=Bif=18ft.; .*. DB=6ft.; .*. DS=BJg;-PD = (9-6)ft. 
=3 ft.; .-. .lD«=i4£8-£Z)»=(92-32)sq. ft.=72sq. ft.; .-. vol of segment 
ilBC=*5236 X 6(3 x 72 + 62) cub. ft. = -5236 x 6 x 262cub. ft. =791-6832 cub. ft., 
and vol. of segment AFC= -5236 x 12 (3 x 72 + 12*) cub. ft. 

= *5286 X 12 X 360 cub. ft. = 2261*952 cub. ft. 

11. (Vide diag. to 6.) Here AD=liii.^ AE=EB=iiQ,; 

.-. DE=,J{AE^-'AD^=^[{(^)^-'V) sq.in.]=^(i^x{sq. in.)=}V66in. 

=}x 8*0622 in. =2*0156 in. nearly; .*. BD=B£-DE= (2-25 -20156) in. 
= *2344 in. ; .-. vol. of segment ABC= *5236 x *2344 {3 x 1«+ (-2344)2} cub. in. 
= *1227 X 3-0549cub. in. nearly = *87483623cub. in. = •375cub. in. very neaily. 

12. Here ilB=6 in., ^D=2in., 
OD=l in. Now the segment AED 
has the very same dimensions as the seg- 
ment ABC in the preceding no. ; .*. its 
vol. al80= *375 cub. in. ; .*. vol. of dumb- 
bell = vol. of cylinder -4BCD+voL of 
the two spheres at the ends -vol. of 
the two segments AED and BFC =vol, of cylinder ABCD + 2 voL of one 
sphere - 2 vol. of segment AED 

-g-j XilB + 2xlx 3-1416 x(?)»-2x*376} cub. in. 

= {3*1416 (6 + a*A) _ -75} cub. in. = (114-2757 - -75) cub. in. = 113-5257 cub. in. 

Now vol. of iron ball, the diameter of which is 4 in. =i x 3*1416 x 4>cub. in. 

=33*5104 cub. in.; and such iron ball weighs 9 lbs. ; .*. weight of dumb-bell 

113-5257 1021*7318 

~ 33.5104 ^ ^ ^^^* - 33-5104 " 1^8. =80-49 lbs. = 30*6 lbs. nearly. 
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13. Here BG=GA = GE=ii ft., and 
BH=HL=LE=Bft.; 
.'. JBrG=(|-3)fk.=fft. 

.% AH^^AG^-GH^^ {(4)'- (IW sq- ft-=18 s<l- ft- 
.-. vol. of segment ABG= '6236 x 3 (3 x 18 + 3») cab. ft. 
=-5236x 3 x63cub. ft. =98-9604= vol. of segment DET 
(by symmetry). Again, vol. of zone ADFC=yo\. of 
whole sphere - vol. of two segments ABC and DEF 
= (t X 3-1416 X 9» - 197-9208) cub. ft. = (381-7044 - 197*9208) cub. ft. 

= 183-7836 cub. ft. 




14. Here AK= KB=B in., and 

BH=HK=KL=LG==4in.; 

,\ An^= AK^ - HB? = (8» - 4») sq. in. = 48 sq. in. ; .«. vol. 
of segment ABC= -6236 x 4 (3 x 48 + 4«) cub. in. 

= -6236 X 4 X 160 cub. in. = 336*104 cub. in. = vol. of seg- 
ment FGE (by symmetry) ; again, vol. of zone ADMG 
£=vq1. of hemisphere - vol. of segment ABG 

= ( J X i X 3-1416 X 16» - 335-104) cub. in. 

= (1072-3328 - 335-104) cub. in. =737-2288 cub. in. = vol. of zone DFEM. 




15. HereBO=40 = OG=20in., i;O=10in., 

F0=15in., .-. J5;if=6in. 
.«. BJS:«=Bd»- OJS«=(202-.102) sq. in.=300 sq. in.; 
and.lF«=iiO»-O2J'9=(20»-162)sq. in.=175sq. in.; 
.-. voL of zone ABCD = -6236 x 5 {3 (300 + 176) + 26 } cub. in. 

= -5236 X 6 x 1450 cub. in. = 3796-1 cub. in. 




16. Here ^40= OB =20 in., JS:0=10in., 0F=15in.; 
.*. (as in preceding), AE^= 300 sq. in., and BF^ = 175 sq. in. ; 
.-. vol. of zone ABCD 

= •5236x25 {3(300+175)+26»} cub. in. 

= -5236 X 25 X 2050 cub. in. = 26834-5 cub. in. 

17. Tol. of bowl = -5236 x 9 (3 x 18= + 9«) cub. in. 

= -5236 X 9 X 1063 cub. in. ; and vol. of 1 gallon or 8 pints 

= 277-274 cub. in.; .•. vol. of 1 pint =--'^-^ cub. in.; 



•*. no. of pints in bowls 



8 
'5236 X 9 X 1053 x 8 

277-274 

19848-6288 
^ 138-637 



= 143 nearly* 
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IS. (Vide ^ag. to 6.) Here AE = EB =racliu8 of sphere ; .•. BI>=iAE; 
A DE=iAE. ^o^ AD^=AE»-ED^=AE»''{iAE)*=liAE^; 

.*. YoL of segment ABC 

^'52SQxiAE{Sx{iAE^+^AE^ = '52Z6xix9j^AE^; 

and YoL of sphere whose radios = J ii^^, (or whose diameter =| AE) 

= ^ X 3-1416 X (I AEf = -5236 X V- ^-E» ; 
•*• Yol. of segment = I yoI. of such sphere. 

CHAPTER XXXI. 

1. Vol. of water that sinks on the remoYal of the stond 

=8*1416 X (10 in.}3 x 6 in. = 1884*96 cub. in., which is likewise the Yol. of the 
stone. 

2. Vol. required in cubic feet =4 tons 8 cwt.-^2716 oz.= 58*06 nearly. 

S. Weight of water alone = 8 cwt.- 40 lbs. =296 lbs. ; but 1 gallon 
weighs 10 lbs. ; .*. no. of gallons in cask =-^=29 '6 =30 nearly. 

4. Vol. of solid =1 {(3-72 + 10*72) + 2 x 6*96 + 4 (5*28 + 8*77)} cub. ft. 

= (14*44 + 13*92 + 56 *20) cub. ft. = 84*66 cub. ft. 

5. The radii of the sections are respectiYely, 

57 63 69 76 , 83 . 

2 X 3*1416 ' 2 X 3*1416 ' 2 x 3*1416 ' 2 x 3*1416 ' 2 x 3*1416 ^^' 

The areas of the sections wiU then be respectiYely, 

57« 63' 69* 76' , 83« 

4 X (3*1416) • 4 X 3*1416 ' 4 x 31416 * 4 x 31416 ' *° 4 x 3*1416 ®^* ^°* 

.-. YoL of solid=4|^^^^j^[(67«+833) + 2x693+4(63» + 762)}|cub.in. 

= 2^^M4l6 f ^^^^ " ^^' "^ '^ ■*" ^^'^ + 2 (70 - 1)» + 4 {(60 + 3)« + (70 + 6)»}] cub. in. 

= (T-qTTTE (10138 + 9522 + 38980) cub. in. = „— oTTTZ? ^ 58640 cub. in. 
2 X 3*1416 ' 2 X 3*1416 

= .. ^„ cub. in. =9333 cub. in. nearly. 
*3y27 

CHAPTER XXXn. 
1. Vol. of 2»* ball : yoI. of I* ball :: (Vin.)» : (Jin.)'; .*. vol of 2"'* 
baU=(V^)»x(f)»xvol. of 1- baU=?ii^^^^|^xYoL of 1- baU=¥xYoL 
of 1-* ball; but 1-* ball weighs 6 lbs.; .-. weightof 2"*ball=¥x61bs.s=20*261bs. 
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2. If X Te]>re86nt8 one of the dimensions of the model, 9^ represents 
the corresponding dimension of the engine. .*. vol. of engine : voL of 
model :: (9x)' : x*; i.e. : 729 : 1; .*. vol. of engine = 729 x vol. of model; 
.-. weight of engine = 729 x 80 Ihs. = 58320 lbs. 

3. Let a, &, e, d represent the vols, of the 4 cylinders respectively. 
Now a : 6 :: (7 in.)' : (10in.)», i.e. as 343 : 1000; .-. 6=JiW»; 

.-. a+6=a+-Jftya=ViVa. Again, c : a : : (11-03 in.)' : (7 in.)», i.e. as 

1341*919727 
1341*919727 : 343; .-. c= ^j^ a; hence e is less than a +6. Lastly 

d:a:: (11*04 in.)' : (7 in.)', i.e. as 1345*572864 : 343; 

, 1345*572864 ,. . ,, . 

•'•^= 575 ** .*. d IS greater than o+o. 

4. Vol. of smaller pyramid : vol. of whole pyramid : : (16 - 4)' : 16' ; 

. ,^1 * 11 'A 12' .^ , . 12x12x12x400 , . 

.*. vol. of smaller pyramid = ,-^ x 400 cub. m. = — ^7; — r^ — =^ — cub. in. 

16' V 16 X 16 X 16 

= « JA cub. in. =168*75 cub. in. And vol. of frastum= (400- 168*75) cub. in. 

=231*25 cub. in. 

5. Let a and b represent respectively the vols., and d and D respectively 
the diameters, of the two cannon balls. Then a : b :: 6 lbs. : 20 lbs.; 
.-. b=^a. Again, a:b :: d^ : Ifi; 

.-. D3=— =^2^^^-^=i}iAcub.in.=142*9l6cub.in.; 

.-. D=4/(142*916cub.in.)=5*228in. 

6. Let a and 9a represent respectively the vols, of the cylinders, and b 
the height of the 2"*» cylinder. Then a : 9a : : (4 ft.)' : 6'; 

.*. 6'= 9x64 cub. ft. =576 cub. ft.; .•. 6 =4/(576 cub. ft.) =8*320 ft. 

7. (Vide diag. to Chap. XXVL 16.) Here DJg;=16ft., BC=20a, 

JIL=5ft. .-. AH=^^^ (vide Chap. XXVL 1 note) =^^^ ft. = 20 ft. 

.*. AL =25 ft. 

Now cone ABC -cone ilDJS= frustum DBCE=2 x frastum DFGE ; 

.*. frustum DFGE =^ (done ABC -cone ADE). .•. cone AFG=i (cone 
ABC- cone ADE) + cone ADE^i (cone ABC + cone ADE) 

= Jx Jx 31416 (10'x25 + 8«x20) cub. ft. = J X 3*1416x1890 cub. ft. 

Now vol. of cone ADE : vol. of cone AFG :: AH^ : AK^ ; 
.*. AK^= {(J x 3*1416 X 1890 x 20')-^(^ x 3*1416 x 8* x 20)} cub. ft. 

=aie2A cub. ft. = 11812*6 cub. ft, ; 
.*. ^JS'=4/(11812*5cub.ft.)=22*7744ft.; .-. Hi:=2*7744ft. 

8. (Vide diag. to Chap. XXVL 17.) Here DL=8ft., BO=10ft., and 
XO = 5 f t. Then (as in preceding), AL = 20 ft. , and J = 25 ft. 

Now cone ABC - cone -4D£ = frustum i>BC£ =3 x frustum DFGE\ 
:. frustum DFGE = i (cone ABC- oone ADE) ; . 
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.-. cone AFG= Gone ADE+i (cone ^iJBC-cone ADE) 
=i (cone ABC +2 cone ADE) 
=^ X i X 81416 (10> X 25 + 2 X 8S X 20) cub. a 
=1 X i X 3-1416 X 5060 cab. ft. 

Now cone ADE : cone AFG :: ^L' : AM*; 

.% illP=f^^^iL??!cub.a = *H^cab.ft.==10541-6cnb.ft.; 
3 X 8* X 20 • * 

.-. ^Af=4/(10541-6 cub. ft.) =21-9265 ft.; .-. Llf= 1-9265 ft. 

Again, frastnm HFGK= fhistnm DFGE = i (cone ABC - cone ADE) ; .*. cone 
^ifJC^cone AFG+\ (cone ^£C-oone ADE) 

=oone ADE + 1 (cone ABC - cone ilDiJ) = J (2 cone ^IBC+cone ADE) 
=i X i X 31416 (2 X 10* X 25 + 82 X 20) cub. ft. «i X i X 31416 X 6280 cub. ft. 
Now cone ADE ; cone AHK :: AL* : A2^; 

•'• '4^''=^3^^?^cub.ft.=iAJiAcub.ft.=13083-3cub. ft.; 
.-. ii2^=^(13083S cub. ft.) =23-6635 ft; .-. L2V^= 3-5635 ft. 

9. Let X = side of hexagonal base, and y = height of the pyramid. .*. yoL 

of pyramid =i x 6 x -7 ^^3 x y (vide Chap. XV. 6) = -8660a?*y. Now the base 

of the cone will be a circle inscribed in the hexagonal base of the pyramid. 
The radius of this circle is the height of an equilateral triangle whose 

side is x, and .*. =- ^3. The height of the cone is of course=y« 

••. vol. of cone = } x 31416 x ( | ^3 ) xy= •7854x*y ; 

.«. YoL of portion trimmed off=-8660a:'y-*7854^='0806x*y, which is a 

'8660 
little less than *0866xVf which =-^^2^, Le. ^ of the Yol. of the pyramid. 

10. If circles be inscribed in the square ends of the frustum, these 
circles will be the ends of the frustum of the cone after the trimming. Now 
the area of a circle is equal to -7854 times the area of the square in which it 
is inscribed. Thus if a, &, be the areas of the ends of the given frustum, 
its volume by the rule in Art. 268 is 

s) (a+&+ »Jab) xheight of frustum ; 
and that of the frastnm of the cone 

=1 X -7854 {a+b+ ijal) x height of the frustum. 
Thus the volume of the frustum of the cone 

= -7854 X volume of the frustum of the pyramid. 

.*. part removed= (1 — -7854) times the volume of the frustum of the pyramid ; 
and 1 - '7854=3-2146, which is rather more than ^. 
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IL (^de diag; to Chap. XXT. 81.) AB== ^fAE»^~-^\(iid»ChKp. 

XXV. 21)=^V2; .-. ▼oLofpynuiiid=Jxj:D«x^^=i:i)»x^; bat 

UD (by lijp.)=lft. ; .*. ToL of p7Tamid=l x^ eaK ft.=™ caK ft. 

o o 

The hitter part of the question foUoirs from the rule in Art. 312. 

12. Suppose ABC of the diagram in Chap. XYL 39 to be the txiangnlar 
base of the pyramid ; then, as the sloping edges of the pyramid aie equal, it 
maj be shown from Enclid L 47 that the perpendicular from the Tertex of 
the pyramid on the base ABC will meet it in D, the centre of the oirole eir- 
cmnscribing ABC. Let be the Tertex of the pyramid, and therefore OD 
the height. Then by Enclid I. 47 

OD* -i- radios ^D'^square of an edge of the pyramid. 

Now from Art. 99 we know that if the radins of the oirole be 1 foot) the side 
of the equilateral triangle is .^3 feet; therefore if the side of the triangle is 

1 foot, the radins of the circle is -7^ feet ; 



thus Oiy^+(j^ =1 and 0D«=|5 



therefore 02), the height of the pyramids^ feet. 

Also, the area of the equilateral base of the pyramid (Tide Chap. XIY. 24). 
=^^3, therefore the volume of the pyramid 

=ixiV3x^? = ^cnb.ft. 

The latter part of the question follows from the rule in Art 313. 

CHAPTER XXXm. 

1. "Whole surface of cube =6 x area of one face 

:=6xlength»=6x(|ft.)*=¥sq. ft.=37 sq.ft. 72 in. 

5. Surface of parallelepiped 

= {(2x2JxS) + (2x2ix6) + {2x3x6)}8q.ft.=70 sq.ft. 

9. Here bases are right angled (by Euc. I. 48) because 5>=:3* + 4*. 
.*. surface of prism 

S3 x4 ) 

2x-2- + 3x8+4x8+6x8|sq. ft. = (12 + 96) sq.ft. sslOSsq. ft 

(observe that the 3 faces are rectangles). 

10. Proceed exactly as in 9. 
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11. Area of triangnlAr bate (found b9 in Chap. XIII.)=| aq. ft; 
.'. sorffUMof prinns(2x( + 7i X 1 + 7^x82+7^x2^) 0q. ft. 

-{(-f-Y(f -t-¥ + it)} S4' ft. =((+50) 84. ft. = 5l8q. ft. 96 in. 

18. Whole Borface of pyramids (2/^ ft.)' + 4 x } of 2/, x 8^ sq. ft* 

= (• SI + Y^) «1. ft- = Vtf Bq- ft- =24 8q. ft. 47 in. 

15. Area of the 4 triangular facee (found as in Chap. XTTT.) 

= 4 X >,^ 0q. ft. ss 55 sq. ft. 
.'. whole surface of pyramid = (8 1 f t. )' + 55 eq. ft. = 66 sq. ft. 16 in. 

17. (Vide diap^. to Chap. XXY. 21.) Here DE = 17} ft., and AB =171 ft- 
.'. ^C=^(^/?a+i^C«)=V(^2^+JDF»)(yideChap. XXV. 26) 

=V[{(W+(V)»} »q- ft.]=V(*«P»q- ft.)=Wft. 

.'. whole surface of pyramid 

= (17ift.)«+4x J of 17ix VJ^Bq. ft. = (iJ^+i}fi)8q. ft.=985Bq. ft. 120 in. 

19. Whole surface of frustum 

= ^8« + 2' + 4x^-2-xj)sq.ft. = (9 + 4 + 5)Bq.ft = 18 sq.ft. 

21. Let the diag. to Chap. XIV. 25 represent one of the faces of the 
frustum. Here AD^Sj^ft, £C7=8(ft., ^B=DC=5 in.; 

=^{(5» - 3«) sq. in.} =4 in. =1 ft. 
.'. whole surface of frustums {(31)3+ (8})' +4 x } x (8^+31) x i] sq. ft. 
s (-4^+ W +W "4- <^ =Hi^ >a- ft.«80 sq. ft. 84 in. 

28. The perpendicular distances of the parallel sides of the trapezoidal 
faces (found as m 21)= respectively (ft. and 2ft. (obsenre only the opposite 
faces in this case are equal). .*. whole surface of prismoid 

a{7x6+4jx4t+2xjx(7+4j)xj+2xjx(6+4()x2} sq.ft. 

= (42+V+J^+V)Bq. ft.=H!*sq. ft,=104sq. ft 84ui. 

10* 

24. Whole surface =4 x^V^sq. ft. := 100 X 1*732 sq. ft.=173'2sq. ft. 

25. Areas of each of the two unequal triangular faces (found as in 
Chap. XIII,) -respectively 12'5148d and 16*62958 sq. ft. .•. whole soxfoce 
of pyramids {(4^ x6})+2 x 12-51488 + 2 x 16*62958} sq. ft. 

= (80+ 2502966 + 88-25916) sq. ft. := 68*2888 sq. ft. 

26. Whole surface of cube = 6 x length' » (by hyp. ) 7^ sq. ft. = ^ sq. ft. ; 
.'. length* = 1 } { sq. ft. .•• length » || ft. ; 

•% YoL of cube«(i|ft.)*s}f!loub.ft.s2197onb.in. 
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27. Whole surface of parallelepiped 

S=(2x8x7+2x3x9+2x7x9)sq. ft. «= 222 sq.ft.; 

.'. 6 X edge^ of cube = 222 sq. ft. ; 

.-. edge of cube= V(^|A sq. ft.)=V(37 sq. ft.)=6083 ft. 

28. Area of base of wedge = (10in. x2 m.)=20 sq. ft The height of 
each of the trapezoidal &ccs (found as in 21) =24*98 in., which is likewise the 
height of the triangular ends. .*. areas of the two trapezoids 

= 2 X ^^^ X 24-98 sq. in. = 22 x 24-98 sq. in. 

2 x 24*98 
And areas of the triangular ends =2 x ^ — sq. in. =2x24*98 sq. in. ; 

.-. whole surface of wedge 

= { 20 + 24-98 (22 + 2)} sq. in. = (20 + 599*52) sq. in. = 619-62 sq. in. 

30. Whole surface of prism = {2x6x^^3 + 6x2x2 j sq. ft. (vide 
Chap. XY. 6) = (12v'3+24)sq. ft. =44*7846 sq.ft. 

31. Ares of one of the triangular faces (found as in Chap. XIII.) 
= J^ sq. ft. ; surface required =8 x ^4^ sq. ft. =190 sq. ft. 96 in. 

32. Vol. of parallelepipeds f x f x i cub. ft. = 1 cub. foot = (by hyp.) v<d. 
of cube; .*. edge of cube=l foot; .'. whole surface of cube 

=6xl»Bq. ft.=6sq. ft. 

33. Whole surface of 1'* parallelepiped 

= (2 X 8 X 18+2 X 8 X 21+2 X 18 X 21) sq. in.=1380sq.in. 

And its vol. = 8 x 18 x 21 cub. in. = (by hyp.) vol. of 2"d parallelepiped ; .% area 

8 X 18 X 21 
of base of 2»*» parallelepiped = ^ sq. in. = 144 sq. in.; .•. side of 

square base of 2"d parallelepiped = ^(144 sq. in. ) = 12 in. ; .*. whole surface 
of 2»*» parallelepiped= (2 x 12 x 12 + 4 x 12 x 21) sq. in. = 1296 sq. in. 

34. Whole surface of parallelepiped iiot on a square base 

=(2 X 3 x4 + 2 x3 X 5 + 2 x4 X 5) sq. ft.=94 sq. ft; 
and side of squar'e base of the other parallelepiped = (as in preceding) 

V(3 X 4 sq. ft.) = 2 ^3 f t. = 2 X 1-73206 ft. ; 
.'. whole surface of latter = (2 x 2,^3 x 2^3 + 4 x 2^3 x 6) sq. ft. 

= (24 + 40 X 1*73206) sq. ft. = 93*282 sq. ft, ; 
.-. whole surface of latter is less than whole surface of former. 



MENSURATION. 79 

87. (Obserye that in the following examples, the thickness of the 
material is to be disregarded as in Art. 316 (3), of the text.) 

Length* x height, i. e. leogth' = 1000 cub. in. ; 

.'. length=^(1000cub. in.) = 10in.; 

•*. whole smfaoe = 5 x 10* sq. in. = 500 sq. in. 

88. Here 2 x length* = 1000 cub. in.; .•. length = ^(500 cub. in. ) = 7-937 in. ; 
.•. whole surface = {(7*937)* + 4 x 7*937 x 2 x 7*937 } sq. in. 

= (7-937)* (1 + 8) sq. in. = 666*96 sq. in. 

39. Length* x i length, i. e. } length* = 1000 cub. in. ; 

.'. length =4^(2000 cub. in.); 
.-. whole surface =[{;y (2000 cub. in.))«+4 x J {<^(2000 cub. in.)}*] 

= (^2000)* X 3 sq. in. = 476 '22 sq. in. 

40. Here (working as aboYe), whole surface 

- ( 4^i^)* (1 + 12) sq. in. = 624*97 sq. in. 

41. Here whole surface = (4^3000)* (1 + f) sq. in.=485-35sq. in. 

42. (As in 37), length = 10 in. ; 

•*. whole surface = 6 x (10)* sq. in. = 600 sq. in. 

48. (As in 38), length =7*937 in. ; .*. whole surface 
= {2 (7-937)* + 4 (7-987) x 2 x (7*937)} sq. in. 

= (7-937)* (2 + 8) sq. in. = 629*96 sq. in. 

44. Whole 8urface = {2(.J/2000)*+4xJ(V2000)*}8q. in. 

= ( v'2000)« (2 + 2) sq. in. = 634*96 sq. in. 

45. Whole surface = {2 (^ J^)* +4x3 (.^J^)*} sq. in. 

= (^i^)* (2 + 12) sq. in. = 673-05 sq. in. 

46. Whole surfaoe= {2 (^d000)*+4 x i (.^3000)*} sq. in. 

» (^3000)* (2 + 1) sq. in. = 693-36 sq. in. 



CHAPTER XXXIV. 
1. Curved surface = 48 in. x 26 in. » 1248 sq. in. 

a Curyed sur£ace=2 x 8-1416 x 17 in. x 22in. 

=2349*9168 sq. in. = 2349*92 sq. in. nearly. 

6. Whole Burface= {2 x 31416 x 2*+2 x 3*1416 x 2 x 3} sq. ft. 
= 2 X 3*1416 (2* +-6) sq. ft = 62-832 sq. ft. 
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9. Eadiusofbase=2— ^g£t.=3-:^ft.; 

.-. whole 8arfS&ce= \%x S-U16 x (orrijfi ) +20 x yj sq. ft. 

^Ux ^^ + 110^ gq. ft. = (63-662 + 110) sq. ft. = 173-662 sq. ft. 

11. Circnxnference x height = carved snrfaoe ; 

h ' 1.^ _ CTurved STurface _ 6 sq. ft. _ 6 x 144 sq. in. _ ^ ^ ^ . 
^circnmference 3ft. 9 in."" 45 in. " 

12. Height = of sq. ft.-i- (2 x 3-1416 x 2 J ft.) 

. 45 X 18 . . __- . , 

13. Let a = radius of base, and height of cylinder. Then whole surface 
=2 X 31416 xa2+2x3-1416xaxa=4x 3-1416 xa^ 

= (by hyp.) 14 sq. ft. = 14 x 144 sq. in. ; 

.-. a2=(14xl44 8q. in.)-T-(4x 3-1416) =3 sq. in. -5- -0187^ 160-427807 sq. in.; 

/. a=V(160-427807sq. in.) =12-666 in. 

14. Let a = radius ; then 2a = height. 

.-. whole surface=2 X 3-1416 x o*+2 x 31416 x a x 2a=6 x 3-1416 x a« 

s= (by hyp.) 24 x 144 sq. in. ; 
.-. a2= (24 X 144 sq. in.)-T-(6 x 3-1416)=24 sq. in.-r- 1309 =183-346066 sq. in. ; 

/. a=V(183-346066sq.in.)=13-541in. 

15. Let a = radius; then ia=height; .-. whole surface 

= 2x3-1416xa*+2x3-1416xaxja=3x3-1416xa2=(byhyp.)30xl44sq.in.; 
.-. a2= (30 X 144 sq. in.)-7-(3 x 3-1416) = 60 sq. in.~ -1309 =458-365165 sq. in. ; 

/. a= J'(458-365165 sq. in.) = 21-409 in. 

16. Let a=radius, and &=height. Then vol.=3-1416a'6 = (by hyp.) 

i£- cub. ft. ; and curved surface = 2 x 3-1416 ab = (by hyp.) f sq. ft. Now divid- 

3-1416a*6 -M- 
ing vol. by curved surface we get s — Tmrr^-i^-r-^'i •*• a=^ ft. =5 2-6 ft. 
^ '' *» 2x3-1416ao f 

Note, Badius of base of <sylinder=2x volume of cylinder-s-its curved 

surface. 

2x6 
17* (As in preceding) radius = — j— ft. =f ft. ; .'. area of one end 

=3-1416 X (f ft. )«= 19-635 sq. ft 
18. Let a = radius, and &= height. Then 

vol.=3-1416a2&=(by hyp.) | cub. ft, 
9 

.*. a^=- — TrTTTs — iB^' ft* Again, curved surface 
4x3*1416x0 ^ 

=2x3-1416a6=(byhyp.)38ci.ft. .% *'= (2x8-1416x6 )*'^-^^-' 
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••• (2x3m6x5 y = ^x3»l!l6x6 ' ••• 31416x6=1 ft.; 

19. Height=^j^^m.=10m.; 

and radiiifl= a/ ( a-uift ^* "*' ) =>/(^^ ^' in.)=10 in. 
.*. cnrved surface = 2 x 3*1416 x 10 x 10 sq. in. =628*32 sq. in. 

21. (Observe that in the following examples the thickness of the 
material is to be disregarded, as in Art. 316 (3) of the text.) 

Let a=radins of base. Then vol. = 3*1416 x a* x a= 3*1416a»= (by hyp.) 
31416 cub. in. ; .*. a? = 31416 cub. in. -^31416 = 10,000 cub. in. ; 

.-. a=^(10,000cub. in.); 

.*. whole internal surface = 3*1416 x a' + 2 x 3*1416 xay^a 
= 3*1416 X {4^(10,000 cub. in.) }* x 3 sq. in. =4376 sq. in. 

22. (Working as in preceding), whole internal surface 

= 3*1416 X (4/5000)> X 5 sq. in.=4593 sq. in. 

23. (As above), whole internal surface 

=3*1416 X (^20;000)« X 2 sq. in. =4630 sq. in. 

24. (As above), whole internal surface 

=3*1416 X (ipL^^Y X 7 sq. m.=4907 sq. in. 

25. (As above), whole internal surface 

= 3*1416 X ( ^30000)2 X f sq. in. = 6055 sq. in. 

26. Whole surface= {2 x 3*1416 (4/l0000)»+ 2 x 3*1416 (yiOOOO)'} sq. in. 

=3*1416 X (-yi0000)2 X 4 sq. in.=6833 sq. in. 

27. Whole internal surface =3*1416 x (^6000)* x 6 sq. in. =6512 sq. in. 

28. Whole internal surface =3*1416 (4^20000)^ x 3 sq. in.=6944 sq. in. 

29. Whole internal surface =3*1416 (ij^^^f x 8 sq. in.=6608 sq. in. 

30. Whole internal surface =3*1416 (-,y30000)«xf sq. ui.=8088 sq. in. 
T. M. K. 6 



8q. in. 
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81. Whole surface of cnbe=:6xl03 sq. m.=600 8q. in. And vol. of 
oube=(10in.)'=1000 cub. in. = (by hyp.) vol. of cylinder. But vol. of 
cylindfiar= 3*1416 x radius* x height = (in this case) 8*1416 x radius^ ; 

.*. radius* of cylinder = (1000-^8*1416) cub. in. ; 

.*. radius of oylind6r=^(1000 cub. in.~8*1416). .*. whole surface of cylinder 

-^•7(C/.w.)'*'-»""'K,7S)}-'-^ 

=3*1416 x /^y/i^y X 4 sq. in.=400 4^30416 sq. in. = 686 sq. in. 

82. (Note* A cylindrical vessel without a lid is of the most advan- 
tageous shape, when its heights the radius of its base. See Art. 325.) Now 
the volume of 1000 gallons = 1000 x 277*274 cub. in. = 277274 cub. in. 

' //277274\ 
.*. (as in preceding) radius = . / ( 0.141 g ) ^* » •*• ^^ole internal surface 

-!"™«(7^)"-«««-™-(7^)1 

= 3 X ^(277274* x 3*1416) sq. in. = 18683 sq. in. 

CHAPTER XXXV. 

1. The angle subtended at the centre of the circle by the chord =60^, 
because the triangle formed by the chord and the two radii is equilateral. 
.*. (by Euc. VI. 33), length of arc : circum. of circle :: 60® : 360®; .*, length 
of aro=^ of circum. =^ x 2 x 3*1416 x 15 in. .*. area of curved surface 

s^ X 2 X 3*1416 X 15 X 48 sq. in. = 753*984 sq. in. 

2. Length of arc : circum. of circle :: 90® : 360®; .*. length of arc 
=i X 2 X 3*1416 X 8 in. .*. area of curved surface 

=i X 2 X 3*1416 X 8 X 60 sq. m. ==: 628*32 sq. in. 

3. The circumference of the cylinder = 2 x 3*1416 x 16 inches ; .*. curved 
surface cut ofr=2 x 3*1416 x 16 x 35 sq. in.==3518*592 sq. in. 

4. SurfjEice of ring=4 x 20 sq. in.a:80 sq. in. 

6. Surface of ring= 2 x 3*1416 x f x 25 sq. in. = 117*81 sq. in. 

(4*7 4*1\ 
-^ q" ) "^* (^^® Chap. XXIV. 6)s=*3in.; 

.*. circum. of cross section =3*1416 x *3 in. = *94248 in. And length of ting 

=2x3 *1416 X r^ + ^^in. (vide ibid.) = 2 x 3*1416 x 2*2 in. = 13*823 in. 

.*. surface of ring= *94248 x 13*823 sq. in. 

= 13*0279 sq. in. = 13*03 sg. in. nearly. 
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7. Ciroiim. of oross aeotioiis: 2 x 3*1416 x 1 in. « 6*2882 in. And length 

of ring (as in pieoeding)=2x 8*1416 (V+l)ui-=^'8^^ in*; •*• snrfiBoe of 
ring=6*28d2x 40*8408 sq. in.=256*610i» sq. in. 

8. Cironm. of cross section = 2 x 3*1416 x 2 in. = 12*5664 in. And length 
of ring=2x3*1416x(13-2)in.=69*1152in.; .-. Borface of ring 

=12*5664 X 69*1152 sq. in. »868*52925 8q. in. =868*53 in. nearly. 

9. Length of xing (vide Chap. XXIV. 1) 

= 2 X 31416 X V in- - 10 in. s 68*54 m.; 
.'. surface of ring = 10 x 68*54 sq. in. = 685*4 sq. in. 

10. Length of ring=2x 3*1416x10 in. + 12 in. (vide Chap. XXIY. 2) 
=74*832in.; .*. sorfaceof ring =12x74*832 sq. in. =897*984 sq. in. 

11. Length of ring=snrface-7-circnm. of cross section 

= (100-5-2 X 31416 X 1) in. = (25-7-1*5708) in. = 15*92 in. nearly. 

12. Circmn. of cross section =8arfaoe-f* length = (120 -s- 20) in. = 6 in. 
Now inner boandaiy+ dream, of oross sections length of ring (vide Chap. 

XXIV. 2) ; .•. inner diam. = " in. =.0077 in. s:4*46 in. nearly. 



CHAPTEBXXXVL 

Note, If, as in Art. 334, the cone be made of cardboard, and cut np from 
any point in the ciroomferenoe of its base, in a straight line to its vertex, 
and then spread oat, its carved surface will then form a sector of a circle, 
the length of the arc of which is the oircom. of the base of the original 
cone, and the radios of the sector, the slant height of the cone. The 
original height of the cone will, of coarse, 

=V{(8l^t height)>-(radinBQf base)'}. 

1. Area of curved surface 
= i(2ft. 3in.x4ft. 5in.)=ix27x53sq.in.sH^s^in-=715*58q.in. 

„ ^ , . . . 2x3*1416xlft. 9in.x2ft 
3. Curved surface required = 5 

^ 2 X 3*1416 X 21 X 24 ^ ^ ^ 1583*3664 sq. in. = 1583*37 sq. in. nearly. 

6. (By Euo. 1. 47), slant height 

=<^|(243+rOsq. in.}=V(625sq. in.)=25in.; 
.*. curved surface required = i x 2 x 3*1416 x 7 x 25 sq. in. = 549*78 sq. in. 

6—2 
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11. (By hyp^ 2 x 8*1416 x radioB of base of eone= 6*2832 ft.; .-. radios 
of base of ooiie=l foot. .*. slant height of oone 

=V{(6«+1«) sq. ft.}=12V26in.=61*188iii. ; 

,% curved snrface required =i (6*2832 x 12 x 61*188) sq. in. 

=2306*7386 sq. in. := 2306*74 sq. in. nearly. 

18. Whole sarfS&ce=area of ba8e+ area of ctured surface 
= (3*1416 X 2> + i X 2 X 3*1416 x 2 x 4) sq. ft. = 4 x 3*1416 x 3 sq. ft. = 37*6992 sq. ft. 

8 4 

15. (As in 11), radins of base of cone = ^ ., ,.,g ft. = sttts- ft* ; 
^ ' 2x3*1416 3*1416 

.% whole surfaces 1 3*1416 x ( oTTTTg) + J x 6 x 8| sq. ft. 

= (:^ + 24^ sq. ft. = (6*093 nearly + 24) sq. ft. = 29*093 sq. ft. 

17. (As in 6), slant height= ^[{1*+ (A)'} n- «•]= V(Hi sq. ft.)=ll ft- 
.% whole surfaces {3*1416 x (A)' +4 x 2 x 3-1416 x ^^ x ||} sq. ft. 

= xIt X 3*1416 X 18 sq. ft. » *1309 x 15 sq. ft. = 1*9635 sq. ft. 



19. (A8inll),radinsof base=(27s-2x3*1416)in.=*36ft.nearly; then 
(as in 6), slant height sVC^W'^+C^B)'} sq. ft.]=V(2*3796) sq. ft.=l*64ft.; 
.*. whole surfaces {3*1416 x [27^(2 x 31416 x 12)P+i x { x 1*64} sq. ft. 

= * (0^^3^ + 1-54) sq. ft.=t (-36 + 1*54) sq. ft. =2*137 sq. ft. 

21. Slant height =2 curved surfSace-^drcum. of base 

= (2x760-r50)in.=30in, 

22. Slant height = (2 x 800-S-64) in. = 25 in. ; 

64 . 4 . 

and radius of bases x - ^ ^ ,^^ in. = ^^^ • in. 
«a*« xn*wup.u* uoD«7 2x3-1416 -3927 

Now, height of cone= a/ [^ j^^' - (igggj) | s^* "»• J 

7/13*8175 x 5-8175 . \ 8-9657. „« oot• 
= a / 1 — 7^?:^^ — ^»^„ sq. m. 1 s in. =22*831 m. 
V \ -3927 X -3927 ^ / *3927 

23. Slant height 

s {(2 X 12)-5-(2 X 3*1416 x IJ)} ft. =(1-^*3927) ft. s 2*5465 ft. 

24. Slant height 

= { (2 X 25)-*-(2 X 3*1416 x 2J) } ft. = {100-s-(9 x 3*1416)} ft. ; 
.-. height (asin 22)=^{100-f-(9x3*1416)}3-(|)«]sq. ft. 

// 163-6174x86-3826 ,. \ 77*1646.. „ r,oft r* « 1 

-V ( 9 X3-1416X9X 8*1416 '^^' ^*-j =2-8^2744^*- =^'^2^ ^*- ^^^^^ 



HENSUBATIOir* 85 

25. Circom. of bases 2 cnnred sarface-t-slani height 

s(2x650-t-25)in.B52m. 

26. Circnm. of ba8es(2xl8H-8()ft.»(2xl8x8-s-25)ft«; .% zadios of 
bases {(18 x 8)-i-(25 x 3-U16)} ft. =g~^ ft. =1-8835 ft. 

27. Area of whole enrfaoe 

:=3'U16 X radius* of baee+i x 2 x 8*1416 x radiaB of baee x 8 radins of baee 
=4 X 3*1416 X radios' of base=(b7hyp.) 15 sq.ft.; 

.*. radios* of base = 1*19365928 sq. ft. 
.*. radios of basesV(^*19365928 sq. ft.)=l*0925 ft. 

29. (As in 6), slant height=^{(f)*+2*)sq.yds.]=Vyds.; .'. corved 
Eorface of tent=i x 2 x 3*1416 x 2 x -^^ sq. yds. =3*1416 x -^^ sq. yds., which is 
also the qoantity of canvas reqoiiBd for the tent. .*. length of canvas 
reqoired = 3*1416 x V x | yds. = 27*9253 yds. = 28 yds. nearly. 

31. (In the following examples we shall represent the radios of the base 
by a. ) Area of whole sorfaoe 

= (3*1416 X a« + 3*1416 x a x 2a) = 3 x 3*1416 x a»» (by hyp.) 100 sq. ft. ; 

.-. a*= (100-^3 x 3*1416) sq. ft. Now, height of cone (as in 22) 

= V(^' - o«)=^3d«= ^{(100-7-3*1416) sq. ft.} = ^(31-830914 sq. ft.) =5*642 ft.; 

100 
.*. voL of cone=i x 31416 x ^—-—ra ^ 5*642 cob. ft. =62*688 cob. ft. 

• 3 X 3*1416 

32. (Working as i^^preceding), a* = { 100 sq. ft. -t-(4 x 3*1416) } ; .'. height 

=<^{(3a)« - o«} =^8a2=V{(200^3*1416) sq. ft. } 

= V(63 661828 sq. ft.) = 7*9788 ft. 
Hence vol. of cone 

=i X 3*1416 X (100-5-4 x 31416) x 7*9788 cob. ft. =66*490 cob. ft. 

33. Area of whole sorface 

= 3 •1416a' +ix2x31416ax4a=5x 3*1416a' = 100 sq. ft. (by hyp.) ; 

.*. a'=100-(-(5 X 3*1416) sq. ft. ; 

and the height = >J(^o)* - a' = Jl6a* 

= ^/300-T-314i6 =9*77204 ft. 
The solotion may be completed as before. 

34. Area of whole snrface 

=3*1416a'+ Jx2 x3*1416ax6a=6x3*1416a«=100 sq. ft. (by hyp.); 

.*. a2=100-4-(6x 3*1416) sq. ft.; 

and the height = V(5«)'-a' =^/24^ 

= ^400-t-3*1416 = 11*28378 ft. 
The solotion may be completed as before. 
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85. Area of whole surface 
c8-1416aH i X 2 X dl416a x 6a»7 x 3-1416aS=100 sq. ft. (by hyp.) ; 

.-. a>=10O-5-(7x8-U16) sq.ft.; 

and the height = V(6a)«-a«= ^/3&? 

= V500-T-31416 = 12-6166 ft. 
The solution may be completed as before. 

36. VoL ofcone=ix 3-1416 xa"xa=— 5 — a»=: (by hyp.) 314160 cub. in.; 

.-. a>=300000 onb. in. ; .-. a=4^(300000 cnb. in.). Now slant height (as in 6) 
-fjia* + a*) = a^2 = ^^(300000 cub. in. ) x ^2 ; .-. whole surface 

= 1 3-1416 ( v'300000)2 + i x 2 x 3-1416 (4/300000)« x ^2} sq. in, 

=(4^300000)» X 3-1416 (1 + 1-4142) sq. in. =33989 sq. in. 

87. Vol. of cone=i x 3-1416 x a« x 2a«| x 3-1416a« 

= (by hyp.) 314160 cub. in. ; 

.*. a»=150000 and a= -^160000 in. 
And the slant height = J{2aY+a^=ay/5 « •7160000 x ^6 ; 

.-. whole surface = 3 -1416 ^(150000)* + J x 2 x 3-1416 «y (l60000p x ^o 

= l/momj^ X 3-1416 (1 + 2-2361) 
s=28231 X 31416 x 3-2361 
=28701 sq. in. 

38. Vol. of cone=^ x 31416 x a« x 3a= 3-1416a«= (by hyp.) 314160 cub. in. 

.-. as=100000 and a«= i/(100000)»= 2164-436 in. 

Also the slant height s/y(3a)^+a^= a ^lO; and the solution may be 
completed as before. 

39. Vol. of oone=six8-1416xa»x Ja=ix31416xa»=314160 (by hyp.); 

.-. a«=600000 and a»= 4^(600000)*= 7113 -79 in. 

Also the slant height = tJHa)^ +a^=iaJ5\ and the solution may be 
completed as before. 

40. Vol. of oone=ix8-1416xa'xia=Jx3-1416xa»=314160(byhyp.); 

.-. a«=900000 and a«=:/y(500000)«= 9321-7 in. 

Also the slant height = ,J(la)* +a*=ia JW; and the solution may be 
completed as before. 
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CHAPTER XXXVII. 

Note, With respect to the solutions in this chapter, the student may 
consult the note at the head of Chapter XXVI. and also that at the head of 
the preceding chapter. The curved surface of the frustum of a cone is equal 
to the difference between the curved surface of the whole cone of which 
the frustum is a part, and the curved surface of the smaller cone cut off 
from tihe whole cone bj the frustum. 

In the following solutions when the expressions, "the 
cone ABC", or "the cone ADE", etc., are employed, we 
mean to signify the cone which is now represented by the 
sector ABC, or the sector ABE, etc. 

1. Diam. of 2)C?E=15 in.-7-3'1416; and diam. of 
PF0'=17in.-~d'14I6. Now (by similar triangles, as may 
be seen from a diagram like that in Chap. XXVI. 2), 

AB : 16 in. -5-3-1416 ::AB ill in.-T-31416; 

. ,r._15AB_ 15(AB + ll) 

.'. AB=i^i^in., andilB=(H*+ll)in.=i|iin.; 

.*. curved surface of frustum BBCE = curved surface of sector ilBFC - curved 
surface of sector ^DGE = J (17 x ifi - 15 x ^%^) sq. in. ^^ (IV - IS^) sq. in. 

=: J|L X 32 X 2 sq. in. = 176 sq. in. 

o /A . nx ^T. 14ilB 14(^D + 6in.) .^ ... 

3. (Aaml), ilD=^j-= — ^ — jg '-\ .•. AB=if^m,\ 

and AB=^m. ; .*. curved surface of frustum BBCE 
= (J X 8-1416 X 18 X Y - 4 X 3-1416 x 14 x ^f) sq. in. =3-1416 x f (9= - 7«) sq. m. 

= 7-854 X 16 X 2 sq. in. = 251-328 sq. in. 

6. Height of cone ABE=^ f ^ZTi '^' (^^® ^^P* ^^^- ^» °°*®) = ^** "^• 
.-. AB (by Euo. I. 47)=V[{(i{i)»+ll«} sq. in.] 

and (as in Example 1) AB : 16 in. :: AB : 11 in.; 

.-. ilB = 16xi|i^XiVin. = ***"i-; 
•'• curved surface of frustum BBCE 
= (Jx2 X 3-1416 X 16 x^0A_jx2x 3-1416 X 11 xi|i)sq. in. 
=3-1416xJ^ (162-11*) sq.in.=-62832xl3x27x5sq. in. = 1102-7016 sq. in. 

9. AB (found as in l)=70in., and ilB=80in.; .•. whole surface of 
frustum DBCJEJ= areas of 2 circles DGE and£^C+area of curved surface 

of DBCE= {8-1416 (16-^2x3-1416)« + 3-1416 (14-v-2 x"31416)« 

+i(16x80-14x70)}sq.in. = {(l-t-4x8-1416)(16«+14«) + 6(128-98)}8q.in. 

= (35-97 nearly +150) sq. in. = 186-97 sq. in. 
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IL AD (found as in 8)=:5fi., and AB=l\tt,\ .-. whole snrfaoe of 
fnxBtum BBCE = {3-1416 (2« + 3^ + 3-1416 (3 x 7i - 2 x 6) } sq. f t. 

=3-1416 (4+9+ V)sq- ft. = 80-1108 sq. ft. 

13. AD (fonnd as in 6) =20 in., and -45= 30 in.; .•. whole surface of 
frustum DBCE = (as in 11) 3-1416 {(12« + 18«) + (18 x 30 - 12 x 20) } sq. in. 
= 3-1416 x 768 sq. in. = 2412-7488 sq. in. = 2412-76 sq. in, nearly. 

6x4 
15. Height of frustum DBCE:={hj hyp.) g— ^ fl;.= V*- -^ (*ound as 

in 5) = ^ ft., and AB^^^ ft. ; .*. area of 2 ends of frustum 

=3-1416 (3« + 22) sq. ft. = 40-8408 sq. ft.; 

and curved surface of frustum DBCE = 3-1416 (3 x V - 2 x V^) «1- ft- 
= 3-1416x13(1-1)8^. ft. =3-1416 X 13 sq. ft. = 40-8408 sq. ft. 

19. Here AD (found as in 1)= yft.; and AB=^ti, ; 
.-. curved surface of frustum DBCE 
= 3-1416 X (8 X V - 6 X V) sq. ft. = 3*1416 x |(8» - 6«) sq. ft. 

=3-1416x52^. ft. 
.*. (by hyp.) curved surface of frustum DFOE 

=31416x26 sq.ft. 
Consequently curved surface of sector AFG 
= (3-1416 x 5 X Y+ 8-1416 x 26) sq. ft. =3-1416 x ip sq. a 
Now sector AFG : sector ADE :: AF* : AD*; 

,„, 3-1416 X HA x(W ,^ .,, .^ 
••• -^^'= 3-1416x5xy ^•^*'='*^^-^^'' 
.-. ilP=8-894ft. .-. D>F=iiF-iiD = (8-894 -6-666) ft. =2-228 ft. 
And JPB = DJB - Di?'= (4 - 2-228) ft. = 1-772 ft. 

20. Slant height of conical part (by Euc. L 47) 

=V{(6^+8^Bq. ft.}=V(100sq.ft.) = 10ft.; 

.«. curved surface of conical part=d*1416x8xl0sq. ft.=3-1416x808q. ft. 
Again, slant height of the cone, of which the lower portion of the tent is the 
frustum, (found as in 5), and of- the cone left after Uie frustum has been cut 
off = respectively V ft>t and ^ft. .*. cxurved surface of this frustum 

= 3-1416 (14 X V - 8 X V) sq. ft. = 3-1416 x 220 sq. ft. 

.*. curved surface of whole tent = (3-1416 x 80 + 3*1416 x 220) sq. ft. 

=3-1416 X 300 sq. ft.=942-48sq. ft.=104-72sq. yds. = 105 sq. yds. nearly, 

and this is the no. of square yards of canvas required. 



CHAPTER XXXVm. 

Note. Surface of a sphere is equal to curved surface of circumscribing 
cylinder, i.e. of a cylinder, Uie diameter of the base, and the height of 
which, is each equal to the diameter of the sphere. Vide Art. 348. 




MEN8UBATI0X. S9 

1. BuitaM of 8phere»8'U16 x 10 x 10 sq. in. m 814'16 iq. in* 
4. SorfiEUse of 0pheres2O x (20-s-8«1416) sq. in. s 127*32 sq. in. 

7. Surface of sphere = 3*1416 x diam.' s (by hyp.) 400 sq. in. ; 
.-. diam. = V(400 sq. in,-i-3-1416)= 20 in. +1-7724 =11-284 in. 

10. (As in 7), diam. ^^{20 sq. ft. -5-8-1416) ; .'. toL of sphere 
= J X 81416 x diam.»= ft x 8-1416 x (20-5-81416) (^^20-$- 3-1416) } cub. ft. 
= V-n/(6'366182) cub. ft.= V x 2-62313 cub. ft. =8-4104 cub. ft. 

13. Surfaceof spheres 3 -1416x21 sq.ft. =3 -1416x4 sq.ft. .*. (as in 7) 
diam. of sphere=V{(3'1^16x48q. ft.) -i- 3- 1416} =2ft.; 

.-. Tol. of sphere = ) x 3-1416 x 8 cub. ft. =4-1888 cub. ft. 

15. Whole surface of solid = curved surface of cylinder + curved surface 
of the two hemispheres = (3*1416 x 3 x 5 + 2 x 3-1416 x 3 x {) sq. ft. 

= 3-1416 X 3 X 8 sq. ft. = 75-3984 sq. ft. 

16. Whole surface of cylinder 

= (2 X 31416 X 103 + 2 X 3-1416 x 10 x 10) sq. in. 

=4 X 3-1416 X lO^sq. in. = (by hyp.) surface of sphere; 

.-. (as in 7) diam. of B]phere=^J{(ix3'U16xl(fiB<i. in.)-5-3-1416}=20in.; 

.-. vol of sphere = ( x 3-1416 x 20* cub. in. = 4188-8 cub. in. ; 

and vol. of cylinder = 3-1416 x lO^ x 10 cub. in. = 3141-6 cub. in. 

17. Whole surface of cube = 6 x 1^ sq. ft. = 6 sq. ft. = (by hyp.) surface of 
sphere. .-. (as in 7), diam. of sphere 

= V(6 sq. ft.-5-3-1416) = V(l*909855 sq. ft.) =1-382 ft. ; 

.-. vol. of sphere=J X 3-1416 x (6^-3-1416) x 1-382 cub. ft. =1-382 cub. ft. 
And vol. of cube=l cub. foot. 

18. Proceed as in 16. 

19. Vol. of cube = 1 cub. ft. = (by hyp.) vol. of spbere= J x 8-1416 x diam.' 

6x1 
of sphere; .*. diam.' of sphere =^;Yjt- cub. ft. =1-909856 cub. ft.; .*. diam. 

of sphere =^(1-909856 cub. ft.) =1*2407 ft. ; .*. whole surface of sphere 

= 3*1416 x (l-2407)«Bq. ft. =4-886 sq. ft. 

And whole surface of cube =6x1' sq. ft. = 6 sq. ft. 

20. Vol. of cylinder=8-1416xl'x2cub. ft.=(by hyp.) vol. of sphere; 
.'. (as in preceding), diam. of sphere 

=/y {(6 X 3*1416 X 2 cub. ft.) -5- 3-1416} =^(12 cub. ft.). 
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.*. Boxfooe of sphere 

=8-U16(4/i2)S8q. ft.»8U16x 6^2415 sq. ft. » 16-4666 sq. ft. 

And whole snrfiioe of oylinder 

= (2 X 31416 X 1* + 2 X 3-1416 x 1 x 2) sg. ft. == 6 x 31416 sq. ft. « 18-8496 sq. ft. 




OHAPTEB XXXIX. 

Note, The enrved surface of a zone of a sphere, or of a segment of a 
sphere is equal to the curved surface of a cylinder, the height of which is 
equal to that of the zone or segment, and the diameter of the hase of 
which is equal to the diameter of the sphere. See Art. 356. 

1. Coryed sorfEUse of segment = 85 x 10 sq. in. = 850 sq. in. 

3. Curved surface of segment = 2 x 3*1416 x 16 x 9 sq. in. = 904*7808 sq. in. 

6. Here ilE=2ft., BD=DA=lti.\ .-. £D=5ft. 
.'. BE^ (or radius* of hase of segment BAC) 

=BD2-D£«=(7«-62)sq.ft. = 24sq. ft. 

.-. whole surface of segment BAC 

= (3-1416 X 24 + 2 X 3-1416 x 7 x 2) sq. ft. 

=: 4 X 3*1416 X 13 sq. ft. » 52 x 31416 sq. ft. = 163*3632 sq. ft. 

7. Here AF=^ (27 ft.-=-3-1416) ; 

.-. EF= (27 ft.-^3-1416) - 3 ft. Now (by Eua YL 8. Cor.), AE : EB :: EBiEF; 

.*. area of base of segment BAC 

= ^3-1416 X ^^—^^^\ sq. ft.= (81 - 28*2744) sq. ft 

And curved surface of segment = 27 x 3 sq. ft. = 81 sq. ft. .*. whole surface of 
segment BilC=(81+81- 28*2744) sq. ft. ~ 133*7256 sq. ft. 

9. Hereilfl^=10ft.,ilG=3ft.,HO=lft., 
.-. ira=7ft. .-. (By Euo. VI. 8. Cor.) 
AQzGBiiGB :GF; .-. QB^=Bx 19 sq. ft.=57 sq. ft. 
And AH :HD::HD : HF\ 

.-. J5rD«=10xl2sq. ft.=120sq. ft. 
.*. areas of two ends of zone BDEC 

=3-1416 (57+120) sq. ft. =3*1416 x 177 sq. ft. 
And curved surface of zone PDJSC=2 x 81416 x 11 x £rG= 3-1416 x 154 sq. ft. 
.*. whole surface of zone BDEC 
= (3-1416 X 177 + 3*1416 x 154) sq. ft. » 3-1416 x 331 sq. ft. = 1039-8696 sq. ft. 




KENSUBATION. 
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11. (Vide diag. to 9.) Uere AQ =2 ft, AH=B ft., 

40 



210 = 



.'. GF= ( ^ - 2^ f t. = 



ft 20_ . 

2 X 31416 3-1416 ' 

40-2x31416 



31416 



ft. AndHir=^,;-^«ft 




.-. (as in preceding), GB^=z GA x ^^= ^'^1^^^^^ sq. ft. 

A«;i xrna jtt ttip 200-26x81416 ,. * x_ j * 

And HD^=AII x HF= oTfJifi ^^' ^*' J •'• *"^®* of two ends of zone 

BDEC=^ (80-4 X 3*1416 + 200 - 25 x 3-1416) sq. ft. 

= (280 - 29 X 3-1416) sq. ft. = 188-8936 sq. ft. 
And curved surface of zone PDEC7= 40 x 3 sq. ft. ^ 120 sq. ft. .-. whole sur- 
face of zone BI>£C= (120+ 188-8936) sq. ft. » 308*8936 sq. ft. 

13. Here FB=FD=9 ft., FG=2 ft., FH=3 ft. 
.-. (by Euc. I. 47) J3G«=(9«-23) sq. ft. =77 sq. ft. And 
DH^= (92 - 3«) sq. ft. = 72 sq. ft. .-. area of two ends of 
zone BDEC= (3-1416 x 77 + 31416 x 72) sq. ft. b' 

=3-1416x149 sq.ft. J\ 

And curved surface of zone BDEC 

= 2 X 31416 X 9 X GH= 3-1416 x 90 sq, ft. 

.*. whole surface of zone BDEC 

=3-1416 (149+90) sq. ft. = 750-8424 sq. ft. 

14. Proceed as in 9. 

16. (Vide diag. to 13.) Here (?F=8ft., JP'fl^=4ft., FB=FD = ^^^^ ft. 

.'. (by Euc. L 47), BG^^BF*^FG^=^^l^Jjl^Bq, ft. . 
And I)gg=FI)»-JPHg= ^^^7^\^jf'^^^^^' sq. ft. .-. area of two ends of 

(o*141o)' 

j>rM?n oi>iifl (256-9 (31416)« 256-16 (3-1416)»| ,^ 
zone BDE(7-3-1416 |_^^,A__ ^__^_^\^ eq. ft. 

3-in6 " ^ ^ 8*1^16^ sq. ft. = (162-9743 - 78-64) sq. ft. = 84-4343 sq. ft. 

And curved surface of zone BDEC=S2 x 7 sq. ft. =224 sq. ft. •*• whole sur- 
face of zone =(224 + 84-4343) sq. ft. = 308*4343 sq. ft. 

16. (Vide diag. to 9.) Here OH=Q in., OG=10 m., join B, 0; and 

45 . 
D,0. .*. BO=DO=^;^jj|jin. 

/v r. T^-nzj/M »/« /.ra 2025-100(3-1416)' . 
.•. (by Euc. I. 47) BG^=BO' - 0G^= (34416)8 ^' ^' » 

Ar^rT* T^r.* ^rra 2025 - 36 (3 •1416)> . 

and DH*=^DO*'OH^= (^-uuy ^' "*•' 



=(. 
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.*. (as in preceding), area of two ends of zone BDEC 



/4050 



- 136 X 31416 



Isq. 



in. 




"^31416 y 

= (1289-1520 - 427-2576) sq. in. = 861-8944 sq. in. 

And carved snrfiice of this zone =90 x 4 sq. in. = 360 sq. in. ; .*. whole snrfaoe 
of zone BDEC= (861-8944 + 360) sq. in. = 1221-8944 sq. in. 

17. Here -4(7=41 ft., BC=CO=40ft .-. (by Euc. 

40> 
VI. 8. Cor.) AC : CB :: CB : CD; .-. ^^= tt ft- 

.-. OD = ^40 - ^~\ ft. =« ft. ; 

.'. enrved surface of segment £OE=3-1416 x 80 x t^ sq. ft. 
And surface of whole sphere = 3-1416 x 80 x 80 sq. ft. 
.*. fraction required 

= (3-1416 X 80 X If ) 4- (3-1416 x 80 x 80) = ^. 

18. (Vide diag. to preceding.) Here -40 =8 ft-, BC= CO =45 ft.; 

.-. iiC=53ft. .-. (as above), OD = ^45 -^') ft. =^ ft. 

.-. curved snrface of segment £0^=3*1416 x 90 x ^^ sq. ft. And snrfaoe of 
whole sphere =3*1416 x 90 x 90 sq. ft. .*. fraction required 

90x860 

""90x90x63"""* 

19. Surface of whole sphere = 2 x 3-1416 xB0x2B0=4x 3-1416 x BC 
.-. curved surface of segment B0£=:|x 3*1416 xBO^. But curved surface 
of segment also = 2 x 3*1416 xBCxOD; 

.-. 2 X 31416 xBCxOD = ix 3*1416 xBC; .-. OD=iBC. 

.-. DC=OC-OD=jBC-iJ3C=tJ5C. 

BC^ 
Now, (by Euc. VL 8. Cor.). AC : BC :: BC i CD; .-. AC=—=- sf BO. 

.-. AO=AC-OC=^BC-'BC=\BC. 

20. (Working as in preceding), OD=lBC; .-. CD=iBC; 

.-. (as in preceding), -4C=BC2-r-|BO=^BO; .-. AO=iBC-BC=iBC. 



CHAPTER XL. 

1. Area of 4 walls of room = 2 x 11^ x (24J + llf) sq. ft. = 23 x 36 sq. ft. 
••. cost of painting =23 x 36 x 1«. 6d. =£W=^o2. 2«. 

6. Area of 4 walls=2 x 4^ x (7^+5^1) sq. yds.=:2x V^^sq. yds. 
.*. length of paper required =2 x ^ x V yds. 

.-. cost=2x ^x Yx£tV=^<P-=£^. 3«. 4d 
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6. Surface of box=(294-s-4) sq. ffc.=-L^ sq. ft. But sorface of box, 
which IB a cube, = 6 x length^ ; 

.-. length* of box=A|i8q. ft.x\=^Bq. ft.; 

.-. length of box =J{^ sq. ft.) = J f t. = 3i ft. 

7. Sar&oe to be lined 

=(2 X 128 X 6i+2 X 8i X 6J+12J x 8J) sq. ft. 

=2xJ^('^+^)8q.ft.+VxV8q.ft.={273+A4|A)sq.ft.=l}iAflq.ft.; 

••. weight of leadrequited=ilf|ix8Ibs.s=AiHLLibs.=gi^?^ 

•'• <»8t=2?n2''^*=^^^=^^''- ^^- ^^' 

8. Vol. of cistem=depth x 4J ft. x 2f ft. =(by hyp.) 42 cub. ft. 
'. depth of cistern =42 x | x | ft. =^ ft. .*. surface to be lined 

=2xJ {4J + 2|)8q. ft.+4Jx2|Bq. ft.=Aiisq. ft. 

.*. weight of lead required = ^^ x 6 lbs. = 373 lbs. 

9. Whole exterior surface of box = 2 x 3) x 2} sq. ft. 
+2x3ift.x(lJft.-2xlJin.) + 2(2Jft.-2xl4in.)x(ljft.-2xl.Jin.) 

= (iy»+i^+j^) Bq.ft.=ifABq.ft.=34J sq.ft. 

10. Vol. of lead required 

=17 ft, 4in. X 13 ft. 4in. x t"^ in. =208 x 160 x yVc'il^- in.=2080 cub. in.; 
.*. weight of this lead = 2080 x i^ oz. = 65 x 13 lbs. ; 
A cost=65 x 13 X 3i<2.=65 x 1^ x £^Tf=£^H^=£12. 68. Bid. 

11. Area of wall = 31416 x 6 x Jj/^ sq. yds. ; .•. cost = 3-1416 x 82 x 7icL 

=£3-1416=£3. 28. 9-984d.=£3. 2«. lOd. nearly. 

12. Curved surface of spire = J x ^ x ^^ sq. yds. = 64 x 6 sq. yds. 

.*. cost of painting =64 X 6 x Hd. =£12. 

13. Inner surface of bowl = ) x 3*1416 x 28 x 28 sq. in. ; .*. cost of gilding 
= 8-1416 X 14 X 28 X lid. =£7-69692 =£7. 13-9384<.=£7. 14«. nearly. 

14. Portion of room to be plastered 

sr (3-1416 X 28 X 15 + i X 3-1416 x 28 x 28) sq. ft. = 28 x 3-1416 x 29 sq. ft. 
.-. oost=28x 3-1416 X 29 x9<2.=£95-66172=£95. 13«. 2-8128<2. 

=£95. 13«. 3(2. nearly. 

15. Ciroum. of moulding =8-1416 x 28 ft. ; 

.*. cost = 8*1416 X 28 xl5<2.= £5-4978 =£5. 9-956«.=£5. IO9. nearly. 

16. Area of footway=i^x|sq. yds.=^sq. yds. .*. area of portion 
^Qffed = (^^ X Jy^ - ^^) sq. yds. = ^J^ sq. yds. .- . whole cost 

=AjAx4». 6d.+iV^x9d.=200(18d. + 42d.) = 200x£}=£50. 
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17. Axea of all the windows 

= (3 X 8 X 4+3 X 7 X 4+3 X 5 X 4) 8q. ft.=240sq. ft. 
•*. ooBtof glazing =240 xl«.= £12. 

18. Quantity of flooring 

s(3x58x34-8xl6ix8) sq. ft.s(5916-366)8q. ft.=5550sq. ft. 

19. Area of 4 walls = 2 x 14J (22 + 20) sq. ft. =-^ sq. yds. And area of 
doors, fireplace, and window 

= (2 x 8 X 5i+6i X 6+12 X 6^) sq. ft. =(84 +39 + 67) sq. ft. =i|J^ sq. yds. 

.•. portion to be papered =(AfA-J^)sq. yds. =-i-V^sq. yds. .*. length of 
paper reqmred=^^ sq. yds. -7-30 in. =-S-yi x f yds. 

.-. co8t=iPgtAxf xlljd.=£«;^=£6. 6s. Bd. 

20. Areaofbasin=3'1416x(Vft.)'=132'7326 sq.ft. And area of flower 
bed=:2x86x4sq. ft. + (36-2ir4) ft.x4 ft. = (288 + 112) sq. ft.=400 8q. ft. 
.'. portion to be paved 

= {36 X 36 - (400 + 132-7326)} sq. ft. = 763-2674 sq. ft. = "^^^'f^^^ sq. yds. 
... coBt=^5?^^x8«.=£33. 18«. 6-618i.=£33. 18«. Qd. nearly. 



CHAFTEB XLI. 

Note. (1) 272 sq. ft. of wall 1} bricks thick =1 standard rod of brick 
work. 

J 2) To find the no. of standard yards in a wall. Find the area of the 
ace of the wall in square yards; then multiply by the number of half- 
bricks in the thickness of the wall, and divide by 3. 

(3) A square =100 square feet. 

22 X 125 

1. Area of surface = 62} x 14f sq. ft. = — -q — sq. ft. •*. no. of standard 

, . „ 5 22x125 „„„ 13760 ^ ^„ , 
rods m wall=^ x — ^ 5-272 =3— 2=2=5-62 nearly. 

2. Area of gable end= 1 22 X 27 +??-2|:^ I sq.ft. =11x63 sq.ft. 
.*. no. of standard rods in gable end=} x 11 x 63-f-272=3-4 nearly. 

(24 X 10 \ 

— s — + 86 X 24 j sq. ft. =984 sq. ft. .•. no. of 

standard rods=fx 984^272= Vi^; 

.*. co8t=^x34«. = 205«.=£10. 5«. 
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4. Areas of the respective portions =80 x 20 sq. ft., 80 x 20 sq. ft., and 

30 X 10 

— 5 — sq. ft. i.e. Aji sq, yds., ^^ sq. yds., and V sq* yds. .'. nos. of standard 

yards in these areas are respectively, ^j^ x |, ^ ^hV ^'^^ ^^^» ^i^t -V ; 
•*. no. of standard yards in the wall sJJ^+ioii+J^=: 216} 

5. No. of standard rods in wall (fonnd as in 1) = 12. .*. no. of bnoks 
required =12x4500; .*. whole cost 

12 y 4^00 y £2 
= j^^-=^+12x22». + 12x£2=£108+£13.4#.+£24=£U5.4#. 

6. Area of roof = f x 40 x 35 sq. ft. = -^ — i^^p squares ; 

. 3x40x35 -^ J,.. «-e ir 
.'. co8t=-jr — =jr^ xl5s.=£S^=£lB, 15s. 
2x100 * 

2 X 120 X 40 

7. Area of roof = 2 x 120 x 40 sq. ft. = j^ squares = 96 squares. 

.'. cost=:96x25<.s=£120. 

8. Area of roof =H x 30 x 20 sq. ft. =11 x 60 sq. ft. ; .-. quantity of lead 
required*llx60x81b8.=Apcwt. .-. cost=AfJ^x2U=£¥=^49. lOi. 

109 x49 

9. Area of partition = 45^^ x H sq* ft* = fs — thq squares ; 

••• coflt=J^7^>^£6i=^l**=^25. 0*. Bid. 

10. Area of flooring = (44 x 24 - 2 x 7 x 4) sq. ft. = 1000 sq. ft. = 10 squares. 
.-. cost=10x£6i=£62. lOs. 

11. Wainscoting = 2 x 12 (34 + 18}) sq. ft. = 12 x 105 sq. ft. = V- squares. 
.•. cost=Vx£10=£126. 

12. The roof, therefore, consists of two rectangles, the length of each of 
which = 50 ft. Let a and b equal respectively the other sides of the rectangles. 
Then (by hyp.) a + & = 60 ft. Now area of roof 

=50 ft. X d+ 50 ft. X 6=50 ft. X (a + &) =50 ft. x 60 ft. -30 squares. 

.*. co8t=30x£2(=£71. 5a. 

13. No. of standard yards in wall 

/180x7 2\ . (18x7x3 1) 43 - ,^- 
= V"T-^8J + l-9ir2-^-3rT^^=^^*- 

14. Area of 4 walls=2xl2(36 + 18)sq. ft.=144sq. yds. .'. cost of 
plastering = 144 xl«.= £7. 4^. Again, area of ceiling = 36 x 18 sq. ft. 
s72 sq. yds.; .*. cost of plastering ceiling =72 x 18(2. =£5. Sa, .*. whole cost 

»£7. 4«.+£5. 88. =£12. 12«. 
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15. Area of the two floors 

= (28 X 16 + 24 X 15i) sq. ft.=4 x 205 sq. ft.=r V squares; 

.-. cost=Vx£^=^^l- 

16. Area of 4wall8= 2x12 (25+20) sq. ft. = V squares; 

/. cost= V X 3 X 10«.=£ V =£16. 4s. 

CHAPTER XLH. 

Note. (1) Vol. of sqtiared timber 

=mean breadth x mean thickness x length. 

(2) VoL of round or unsquared timber = (| mean girt)^ x length. 

(3) Rule of Art. 283 (allnded to in the examples); Yol.= -~— (snm of 

o 

areas of two ends + 4 x area of section parallel to the two ends, and midway 
between them). Observe, the length and breadth of this section are equal 
respectively, to half the sum of the lengths of the two ends, and half the 
sum of their two breadths (vide Chap. XIV. 15.). 

(4) Rule of Art. 268 (referred to in the examples); Vol. = — y— (sum of 

areas of two ends + the square root of their product). 

(5) Rule of Art. 376 (also referred to in the examples) ; 
Vol. =2 X length x (i mean girt)^. 

1. Mean breadth = i (2| + 2|) ft. = f f t. , and mean thickness 

=i(H+li)ft.=fft. 
.• voL of timber = 4 x f x 22^ cub. ft. = ^ cub. ft. = 933 c^l^- ft- 

2. Yo\ of timber=3jxljx27cub. ft.=117cub. ft. 

4 Vol. of timber =(fft.)2x 56ft. =ip cub. ft.=87icub.ft 

6. Meangirt=i(25 + 35)in.=fft.; 

.-. vol. of timber=(|ft.)»x32ft.=Jy»-cub. ft.=12Jcub.ffc. 

6. Worked like 4. 

7. Mean breadth = i (30 + 24) in. = | ft., and mean thickness 

=J(20+18)in.=Hft. 
.'. vol. of timber = | x ^ x 36 cub. ft. = ^s. cub. ft. = 128J cub. ft. 

8. Vol. = {(fxf)sq. ft. + (2x|)sq. ft. + 4xj(§ + 2)xj(f+|)sq.ft.} 

X ^ ft. = (^- + 3 + ^) X 6 cub. ft. =542 cub. ft. = 128i cub. ft. 

9. Mean girt= J (7+4) ft.= ^ft-, .'. vol. of timber ' 

= (V ft.)» X 40 ft. =^ cub. ft. = 76| cub. ft. 

10. Vol. of timber = 2 x 40 x (H)^ cub. ft. = a|a cub. ft. = 96* cub. ft. 
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11. Vol. of timber 

= V [81416 j (a^HJlSSy + (f78iiw)l + 's/^&f] •""• '"• 

(49 4 7 \ §8 

^^^ cub. ft. =88-676 cub. ft 



3-1416 



12. Side of square inscribed in one of the circular end8=(l^ Euc IV. 

C, and I. 47)=^/(2 radiu8«)= radius N/^= ax 8^416 ^'^ ^^ "^ ®' ■^'"■^ 

4J2 
inscribed in the other 6nd=;r-^VTio^ ^^ ^ timber has becooie a 

2 X 8*1416 

prismoid, and hence its volume (applying the rule of Art. 288) 

!98 82 242 i 

4 X (3-1416)* ■** 4 (8-1416)* "*" 4 (8-1416)«| ^^' "' 
no A20 

^ V X (^liiigji^'^^- ft'= 9-87 nearly ^'^^ ft.=62-8cub. ft. nearly. 

CHAPTEB XTiTTL 

Note, (1) Vol of cask in gallons = (39 x bung diam.* + 25 x head diam.' 
+ 26 X bung diam. xhead diam.) x length of cask x -000031478. 

(2) Wet ullage (in gallons) of cask not half ftdl 

=[boBg diam-<^ inehe8)'x (b^^^-he>a diw^j' 

X wet inches x -0028326. 

(3) Dry inchea are obtained by subtracting wet ineke$ from the length of 
the cask. 

(4) If wet inches are less than half the length of the cask, the cask 
is less than half full. 

1. Vol. of cask 

= {39 (31-5)2 + 25 (22-7)3 + 26 (31-5 x 22-7)} x 50-2 x •000031478 gaUons 

= (38697-75 + 12882 -25 + 18591-3) x 0015799446 gaUons 

= (70171-3 X -0015799446) gallons = 110-87 gallons nearly. 

8. Dry inches = 60 - 12 = 48 ; .*. mean diam. of occupied portion 

•*. no. of gallons in wet ullage 

= (W)'x 12 X -0028326=5 1084-2656 x 0839912=85-1559. 

T.M.K, 7 
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11. YoLofoask 

== {39 (81-5)* +25 (22-7)* +26 (31-5 x 22*7)} x 50-3 x -000031473 gfOlons 
= 70171-8 K *000081478 (50*2 + -1) gaUons = 70171-3 x -0015830919 gaUooB 
=lll'0876...gallons=lll'09 giJlons nearly. 
•-. increa8eofTDl.=(lll-09-110'87)gallon8=-22 gallons. 

CHAPTEB XLYI. 

N.B.— The diagrams to some of the examples (3, 4, 5, 6, 7, 8, 11, 12,) 
have been erroneously drawn by inadvertence; the nght and left of the base- 
line in the field-book have been put to the left and right of the base-line in 
ithe diagrams. The calculations and areas are unaffected. See Art. 409. 

1. Here iiy =180, JPH= 220, HD= 100, 

H£=150, AE=550, GC=110, FB=155. 

(All the measurements in this and the fol- 
lowing examples are in links). .*. area of 
ABDEC=SLretk<ii £i*ABF^ DUE, ACE, and 
trapezoid BFHD 



< 



180 X 155 150 X 100 550 x 110 

" + ^ H 7i 



2 



2 

155 + 100 



x220jsq. Iks. 




= (13950 + 7500 +S0250 + 28050) sq. Iks. = 79750 sq. Iks. = -7975 of an acre. 

2. Here il^= 100, FB= 160, 

1^0=120, GC7=50, GJB=280, AE=5Q0, 

GD= 140. 

.'. area of i!i£C£D= areas of A" AFB, 
CGE, ADE, and trapezoid BFGC 



=( 



100 X 160 280 X 50 500 x 140 

—K 1 — ' — n 1" ~ 



2 
160 + 50 



2 



') 



X 120 ] sq. Iks. 




= (8000 + 7000 + 35000 + 12600) sq. Iks. = 62600 sq. Iks. = -026 of an acre. 



3. Here AF=ee, F5=122, Fi?=177, flD=180. 
HE =57, AE =300, 00=136. .*. area of ABDEC 
= areas of UABF, DEE, ACE, and trapezoid BFHD 



(- 



66 X 122 57 X 180 300 x 136 
2 "*■ 2 ■*■ 2 



122+180 
2 



X 177 j sq. Iks. 



= (4026 + 5130 + 20400 + 26727) sq. Iks. = 56283 sq. Iks. 

= •56283 of an acre. 
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4. Here ilF=^ 150,^^=200, 

AG=290, GC^90, G£=160, 

ED^&O, AE=450. 

•*. area of ABEDC^axeaB of 

A' ABE, AGC,uid trapezoid CGLD 



< 



45 0x200 290x90 



4 



2 

90+80 



xieojsq. Iks. 




= (46000+13060+13600) sq. Iks. = 71660 gq. lks. = -71C5 of an aero. 



6. HereiiG=180, aP=160, 

GH=220, HL=250, IJ'^ieO, 

JffD=70, LE=120, AF=800, and 
ii:C=110. .•. area of ABDEFG 
s= areas of L*ACF, AGB, LEF, 
and trapezoids GBHD and HDEL 



( 



800 X 110 180 X 160 
2 + 2 




^150x120^150+70^22^^ 



70+120 „^^\ 

X 260 ) sq. Iks. 



2 • 2 ' 2 / 

= (44000 + 13600 + 9000 + 24200 + 23760) sq. Iks. = 114460sq. Iks. = 1-1446 acres. 



6. Here^H=100,JffB = 160,HL=870, 

XD=170, iG=130, ^^=380, 2rC = 60, 

2rJlf=100, 3fJ5=160, MN =S0, NF==UO, 

NG=:40. .-. area of ABDGFEC=a.Te&3 
of A" AHB, DLG, AKC, NGF, and trape- 
zoids BHLD, KCEM, MEFN 

_/100xl50 130 X 170 380 x 50 

==^ 2 "*" 2 "*" 2 




4 



40x140 . 160+170 



x370 + 



60 + 150 



xlOO-f 



150 + 140 



2 2 ■ 2 • 2 

= (7500 + 11060 + 9600 + 2800 + 69200 + 10000 + 11600) sq. Iks, 

=111650 sq. Iks. =1-1166 acres. 



X 80 j sq. Iks. 



7. 'EereAK=21,KB=5, 

KL=:15,LC=a, LM=17, MD==4, 

ME=25, KH=4, LG=U, MF=:S. 

••. area of ABCDEFGH^BxeoB of 
A- ABK, DME, AHK, MEF, and 
trapezoids BKLC. CLMD, KHLG. 
LGFM 




4 «rf 



100 



MBNSX7BATI0K. 



-( 



21x5_^26x4^21x4^26x8 5+8 --^8 + 4^„ 4+14 _ 
- + —7;— + -TT— + — «— + -«— xl5+-7r-xl7+— ^— xl6 



2 



^ 



2 



2 



14 + 8 



+ -^xl7J8q. 

-(i|A+50+42+100+ili+ 102 + 135+187) Bq. lkB.=766 sq. Iks. 

8. nereAK=Ti2,KB=z7,KL=2S, ^ 

1,(7=12, ijr=86, JlfD=8, lfE=27, 

KH= 17, iG = 4, IfPs 9. * 

.'. area of ABCDEFGH^taetLB of liPAKB, 
DME^ AKH, MFE, and trapezoids BKLC, 

CLMD, HKLG, LGFM 

12x7 27x8 12x17.27x9 7+12 



Uu. 




-(' 



2 



„ 12 + 8 ^_ 
x28 + — -— x35 



I j sq. Iks. 



2 2 

=(42+108+102+114+266+850+294 + ift) sq. Ik8.=1511 sq. Iks. 

9. Here 

AH=HK=KL=LM=:^MN=NG=20, y\ l^^r 

HB=18, KC=25, U)=27, lfJB=26, 

NF=ld. ,'. area of ABCDEFG=taeaB 
of A" JPH and FN^G, and trapezoids a 

i?HJS:(7, CKLD, DLME and £Jlf2/F 




-( 



20x18 20x19 18 + 26 oa^25 + 27 ^^^27 + 26 ^^ 
+ — K — + — s — x20 + — s — x20+ — -r — x20 



2 



26 + 19 



X 20 j sq. 



Iks. 



=(180+190+430+520 + 530+450) 8q.lk8.s2300sq. Iks. 
10. HereiiG=30,a£=28, 

g-b:=60, 2rc7=26, js:d=4o, 

^H=60, flF=40, HL=60, 
I,E= 22, iD=20. 
.'. area of i!(BC7I)EF= areas of 
A- ABG, CKD, AHF, and LED, 
and trapezoids BGKC and 



HFEL 



-( 



30x28 26x40 
2 ■*" 2 



50x40 20x22 
+ — n 1- 




2 



2 

28 + 26 



x60 + ^-^±^x60 



jsq. Iks. 



2 '^ ' 2 
s (420 + 520 + 1000 + 220 + 1620 + 1860) sq. Iks. = 56 iO sq. Iks. 
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11. :EeieAB=50,AP=^eO, 

C0n=80, PC=20, DN=:70, 

QR=80, EM =90, RS =80, 

Pi =104, 8H=120, GK=SO. 

.*. area of figures areas of 
trapezoids ABCO, OCDN, 

DNME, EMLF, FLKG, 
^70+80^3^^80 + 104^^ 




104+80 



X 120 j sq. Ilu. 



= (5200 + 1500 + 6000 + 7360 + 11040) sq. Iks. » 31100«q. Iks. s -311 of an acre. 

D 




12. Here ^^=38, JCB=42, ZL=122, XC=62, I,Jf=:208, JJfD=236, 
lfJEr=1026, AN=6U, ^H=184, 2^0=326, OG=220, OP=172, PP«270, 
P£;=282. .-. area of figare=areas of li'ABK, DME, ANH, PEF, and 
trapezoids BKLC, CLMD, NHQO, and OGFP 



_/38j 



38x42 1026x235 614x184 282x270 42+62 ^„ 
2— + 2 + 2— +—2 + ~2— ^^^ 



62 + 235 



184+220 



220+270 



+ "~ x208+ *^g^ x826+ '"'"g*"" xl72lsa. Iks. 



!)sq. 



= (798 + 120555 + 56488 + 38070 + 6344 + 30888 + 65852 + 42140) sq. Iks. 

=861135 sq. Iks. =3*61135 acres. 



13. Let (Fig. 1) represent the four cardinal points 
of the compass. Make angle NOa=i629. Now (yide 
accompanying diag.) Draw AB parallel to Oa and 
ire thus have the chain-line AB running N. 529 W. 
Here AB=6m, LD= 30, BE =10, BM =100, MF=dO, 
MN=100, NG=40, 2^(7=190, C7O=200, OJI=50, 
0^=50, AK=10, BC=B90, AC=250. .*. area of 
flgmesareas of trapezoids EBMF, FMNO, HOAK, 

imd L' GNC, COH, ADB, and ABO=z (i5±i? x 100 



•^d^ 



N 



W<- 



^ 



4 






\^ 






■►E 



8 
Fl£.I. 
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«>+^ iAA.^O+l^ -« 190x40 
+~2— xlOO+ —g— X50+ — jn — 

.200x50 660x80 
+ — s — +• 



2 ;l 

+M{(390+260)*-660«} 

{560* - (390 - 250)>}]) s^. Iks. 

-(2000+3600+1500+3800+5000 

+ 8400 + 42000) sq. Iks. =66200 sq. Iks. 

=*662of anaere. 

14. (Vide Fig. 1 in preceding). 

Make angle ^05 =36<>; .-. ipOW=^549; 

make angle SOp=84<^; ••• ZpO£=:6«; 

make z 2^0»=66'; .*. Z wO£=24^ 

(Now Tide accompanying diag.) draw 

AB parallel to Op, and make it 

sslOOOlks. Draw BC parallel to Op, 

and make it =1000 Uu., i,e,=AB. 

Draw CD parallel to Ow, and make it =750 Iks. Join A,D; and hence the 

hase lines are all laid down. Complete the rest of the figure in the ordinazy 

A 





way. Now if we draw AO and Bx each parallel to WE (in Fig. 1), and A'Z 
and CA parallel to NS (also in Fig. 1), we have ieAB=54fit and lABx 
al8o=540 (by Eac. I. 29). And AxBC=&^, because it= z£70p (in Fig. 1); 
.«. whole angle ABC=W; and AB^^BC (by hyp.); .-. triangle ABC is 
equilateral (by Eac. I. 5, 32, and 6); .*. ^C also =1000 Iks. Again, since 
Z QAZ^W, and z QAB=zW, .*. z BA'Z^^&^. But z BAC was just proved 
to be 60*; .*. Z^C7=240=^CA (Eac. I. 29). And zAC7D=660, because 
it = z NOw (in Fig. 1). .-. whole z ACD^W\ .*. the triangle ACD is right 
angled. Now ulP=1000, ^£=80, BQ=200, PG=40, QH^IO, QJS:=40, 
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KIl^lSO, RL^eO, £f3f rrSO, RS^ISO, 8N=eO, 2^(7-840, TO-IO, CD-760» 
ZP=:60. .*. area of figure = (areas of triangles ABE^ ABO, QHK^ NOC^ 
CPD, ACD and trapezoid BQHQ) - (areas of triangles KLR, MSN^ and 

" . (1000)' ,„ 40x10 840x10 760x60 
+ — 7 — v*'+ — n i n — - + 



trapezoid US5Jlf) = I ^• 

760x1000 40+10 
+ s + — K— X 



1000x80 



2 



2 



2 

= 1^40000 + 



onft\ /ISO X 80 60x20^80+20 -^A) „ 
) " \ 2~- +~2"~ +~2"~ xl80j|sq.lki. 



1000000x1-7820308 



+ 200 + 1700 + 22600 + 876000 + 6000 j 



- (7200 + 600 + 9000)} sq. Iks. = (877412-7 - 16800) sq. Iks. 

=860612-7 sq. Iks. =8*606127 acres. 

16. Draw AC parallel to 
WE (in Fig. 1), then AC runs 
doe east Here AC= 1660, 

-KB=362, HG=390, GC=1306. 

LD = 690, DF= 1660, QM= 690, 

EN=^. 

•*. area of figure = areas of 

AMBC, AGO, QCD, DQF, 

and DBF. = (!««"< »«'» 



2 




. 1660 X 890 1806 x 690 
+ 2 + 2 

1660x690 1660 x20\ ,, 
+ — 2 + 2 jsq.lks. 

s= (296660 + 821760 + 460225 

+ 638200 + 16600) sq. Iks. = 1624426 sq. Iks. := 16*24426 acres. 

16. Here ila=10, ^E=40, i!i£=812, ii&=680, 1^=80, &<2=d60, d6 =20, 
Di2 = 10, D(2= 262, D«= 640, He=dO,KC=10, Ce:=884, ZiLCi:= 800 sq. Iks.; 
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C^sl20,(7Lsa0,trP=390,lfA=:50,Bl;=484,o^se0,ABCD8416732Bq.l]K.; 
.*. area of figure rr (areas of t^*AaB, BCD, VEH, KCL, LCG^ NBv, and 
tmpezoids AEFb, bFGd, dORD, HeCK) - area of A gvM 

= (1560+416732+9600+800+1200+13020+40600+18000+8780 
+ 7680 - 9750) sq. Iks. = 502922 sq. Iks. == 5*02922 acres. 



CHAPTER XLVm. 

1. 211. 3 in. 8. 8ft. Sin. 7. 4ft. Sin. 4 twelfths. 

4 ft. 2 it. 6 in. 8 ft. 8 in. 

9ft. Opr. 7 4 12 10 

1 10 1 10 



10 


9 


4 




3 


1 


8 


8 




1 


4 


2 



9 sq.ft. 2pr. 13 sq.ft. 10 pr. 10 in. 

9. 5ft. 4 in. 8 twelfths. 11. 8 ft. x 3ft. x 1ft. 6 in. 

2 ft. 7 in. 3 twelfths. - 13 cub. ft. 6 pr. (as in 1). 

13. Area of 1)ase=:3ft. 4 in. 
x3ft. 8in.=10sq. ft. lOpr. (as 

14sq.ft. Opr. 4in. lOthirds. ^i 5 V, J^J; = ^^^ ^J ^ ^^ ?v- 

^ ^ x4ft.=43cab. ft. 4pr. (asm 1). 

15. Area of base^Oft. 3in. x5ft. 3in.=32sq. ft. Opr. 9in. (as in 3.) 
vol.= 32 sq.ft. 9pr. 9 in. 

3 ft. 9 in. 

98 5 3 

24 7 3 9 



123 cub. ft. Opr. 68eo. 9ia. 



CHAPTER XLIX. 

1. Circmn. = 3 *1416 x 15 metres = 47*124 metres. 

2. Area of rectangle = 407-75 x 304 sq. metres = 123956 sq. metres 

=12 hectares 39-56 ares. 

8. Area of trapezoid = 5 x 72 sq. metres = 9057-6 sq. metres 

=90*576 ares. 
4. Vol. = 48 X 3*4 x *45 cob. metres = 73*44 oub. metres. 
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5. yoLofooiiesixS*1416x('4)<x2'4eiib.]iietNts'4021248eQb.iiietref 

s403'1248 eob« desniMtref. 

0. Wdfljit of irftter=(iH^ - 1*67) kflogrumiieisS'SS kilograauiiM 
•«• Cftpaeitj of TMfel3s5'28 x 1000 dub. eentimetrei 

.t»^»»»«K **-«.«-». .-<»«-. 

7. yol«Meiftem»(8'5xlO)(6xlO)(9'2xlO)cnb.clecimeiaref 
s469200 cob. dedmetref^ 469200 litres^M^M^ heetolitret 

s40O2 heetoUtnf. 



8. 86 Idlogrammets weight of 86000 6ab« eentimetzet of water; 
.% height of cylincler» ^^^^j^g^^ eentimetrei -.-g^g^- eeDtimetrei 
ac50'9 eentimetrei ss 51 eentimetrei nearly. 

0. ToL of wixes8'1416 x (43^) x 8<K)000 enb. deeimetraf 

a8'19686 X 25 X 85 eob. decimetrei=: 171*80625 eab* decimetrci 

as 172 cnb. decimetrei nearly* 

10. ToL of iron ballsf x 8*1416 x {'If x '2 cab. metrei 

'004 
B 8 '1416 X —^ enb. metrei =8141*6 x f enb. eentimetrei ; .'. iti wei^t 

b8141'6 X f X 7'5 X tAt lulogrammei»81'416 Idlognunmei* 

IL Whole inrfaoe of eone=(8'1416x8'+8'1416x8x8)iq. metrei 
s 8*1416 (9 + 24) Bq. metrei « 108*6728 aq. metrei s 104 iq. metrei nearly. 

12. Snrfoce of ipheres8*1416 x 9 x 9 iq. metrei =254*4696 iq. metxei. 

18. laete=[4840^9xl44-$-{100x(89'87a79)'}]acei=40-47arai. 

14« 1 cnb. yards {1728 x 27-7-t^ (89*87079)'} cob. decimetrei 

=764*5 cnb. decimetrei. 

15. 1 gallons {277*274+7^7 (89*87079)'} cub. decimetrei 

=4*54 cab. litrei. 

16. Content of iphere = | x 8*1416 x radini^ x 2 radiai 

sf X 8*1416 X radiai>= (by hyp.) 1 Mtn^sj^^ ci a cab. metre; 

.% radioi^ss . a%Ata iaaa o^ » «'*• metre =*000288732 of a cnb. metre; 
4 X 8*1416 X 1000 

•% radini=4^('000288782 of a cnb. metre)a-062 of a metrei 
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17. Content of cylinder = 3-1416 x radiuB' x 2 radins 

s2 X 8*1416 X radius's (by hyp.) y^ of a cub. metre ; 

.•. radiii8»=:r— ^-r-rrs — n:;^ o' * <^^' metre= -000159155 of a cub. metre ; 
2 X 3*1416 X 1000. 

.*. radius =^(-000159155 of a cub. metre) =-054 of a metre. 

And height a 2 x -054 of a metre = -108 of a metre* 

18. Vol. of cone = ( x 3*1416 x radius' x radius 

s= I X 3*1416 X radius* = (by hyp.) y^ of a cub. metre ; 

.•. radius*=^-7xrs— ^rjcr;: of a cub. metre =:*000954927 of a cub. metre ; 
3*1416 X 1000 

.-. radius =4^(*000954927 of a cub. metre)»*098 of a metre^height, likewise. 

MISCELLANEOUS EXAMPLES. 

1. (Vide diag. to Chap. Y. 19.) Let CD represent the broken piece. 
Then CD = 39 ft., and BD = 15 ft. .-. (by Euc. I. 47), 

BC=^{CD^^DB^ =n/{(39« - 15«) sq. ft. } = V{ (39+ 15) (39 - 15) sq. ft.} 

=^(54x24sq. ft.)=^/(9x6x6x4sq.ft.)=8x6x2ft.=d6ft. 

,-. height of whole may-pole =BC7 -^CD^: (36 + 39) ft. = 75 ft. 

2. No. of square feet required^ 1200-^144 = 25 -r 3 = 8|. 

8. Let a be the side of one of the squares, then 3a is the side of the 
other. .*. area of both squares together = a' +9a^=s 10a* = (by hyp.) 100 
acres; .*. a' (i. e. the area of one of the squares) = 10 acres; and 9a' (Le. the 
area of the other square) =9 x 10 acres s= 90 acres. 

4. Side of square=^(2533 sq. ft 64 in.) =^(^^33^ sq. ft.) 

-^(i4|Ai sq. ft.) =ifA ft. = 60 ft. 4 in. 

5. Let a = breadth of rectangle. Then 3a = its length. .*. perimeter of 
rectangle == 2 (a + 3a) = 8a => (by hyp.) 144 yds. ; .*. a = 18 yds. ; and 8a = 54 yds. 
.'. area of rectangle = 18 x 54 sq. yds. =972 sq. yds. 

6. Area of floor=21x20sq. ft.=^sq. yds. •*. length of carpet re- 
quired=H^sq. yds.-5-j^^ ^^'^-3' ^ "27" ^^'^•="9" ^^' 

.•. cost=ASAx4#. 6d.=Afax£JV=£14. 

7. Area of 4 walls 

»2xl2ft. (16ft. 2iin. + 15ft. 3iin.)=:24x31isq. ft. = 84sq. yds.; 

9 
.•. length of paper required = 84 sq. yds. -~y^— 5 yds. =84x4 yds. =336 yds. 

Andco8t=336x2i(2.=336x£rV='£|=£3. 10s. 

8. Area of glass in all the windows= 40 x 12 x 20 x 16 sq. in. 

+23x9xl6xl6sq.m.=(iV^+868)8q.ft.=AVA sq.ft.; 

. .-. cost of glazing=iV4x2«. 3d.=Ai^x£A=£161. 8»» 
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9. Area=J^/[{(1000+990)«-8dO»} {890« -(1000- 990)'} ]8q. Iks. 
=|^/{(1990>- 8903) (890*- 10>)} sq. lkB.^i^{2S80 x 1100 x 900 x 880) sq. Uu. 

=iV(96x8xlOxllxlOOx30'x8xllxlO)8q. Iks. 
=i V(6' X 8' X 10^ X 11« X lOa X 30«) sq. Ik8.=} x 6 x 8 x 10 x 11 x 10 x SOsq.lks. 

s= 896000 sq. Iks. s 3*96 acres. 

10. Let a and h be the parallel sides. Then area of trapezoid 

= "^-g- X 19 ft. = (by hyp.) 476 sq.ft.; .-. a+ 6=^^—^ ft. =50 ft. 

Hence we have two equations Tiz. (1) a + 6 = 50 ft. and (2) (by hyp.) a - 6 = 4 ft. 
Adding these two equations togetner, we get 2a =54 ft.; .*. a =27 ft. And 
subtracting the second equation from the first, we get 26=46 ft. ; .*. 6=23 ft. 

11. Distance gone by one man in 10 niin.= ^ miles =) of a mile. 

3 X 10 
And distance gone by the other in the same time= ^^ - miles =} a mile. 

Now (Tide diag. to Chap. Y. 19), let BC=} of a mile, and BD=i a mile. 
Then (by Euc. L 47), CD=^{B(P+BD^=l/{{i+i) of a sq. mile} 

=ij(l^ of a sq. mile)=} of a mile = the required distance. 

12. ^ of a sq. mile=^ x 1760 x 1760 sq. yds. 

= 110 x 1760 sq. yds. = 193600 sq. yds. 

13. Let a and b be the sides of the two squares respectively. Then 
perimeter of l"* square = 4a = (by hyp.) 748 in.; .'. a=187in. In the same 
way 46 =336 in.; .*. 6 =84 in. .*. area of square equal in area to these two 
squares together = (ISP + 84*) sq. in. = {(200 - 13)3 + {90 _ 6)^} sq. in. 

= {(40000 - 5200 + 169) + (8100 - 1080 + 36)} sq. in. 

= (48305 - 6280) sq. in. =42025 sq. in. = 205^ sq. in. 

••• side of this square = 1^(205^ sq. in.)=205 in. 

.*. its perimeter = 4 x 205 in. = 820 in. 

14. Side of square =^^(3690 sq. ft. 81 in.) 

=^/(3690IV 8q. ft. ) = V(aW* «!. «•) = *F «• = 60 ft. 9 in. 

15. Side of square=iy(13 ao. 1089 yds.)=j^(64009 sq. yds.)=253 yds.; 
•'. perimeter of square =4 x 253 yds. = 1012 yds. ; 

A time required=27= — ^t^^tt x 60 min. :^ A;^ min. s 13*8 min. 

2J X 1760 • 

16. Area of floor =16 ft. 8 in. xl2ft.=^^ sq. yds.; .*. length of carpet 
required=ij|Ayds.; .«. oost=^x6«.=AJAx£A=£6. 13». id. 
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17. Area of 4 wans=s2xUft. Sin. (24 ft.4:20ft.)=82xyx44 sg. ft. 
s= AfL 8q. yds. ; and areas of doors, windows, and fireplace == 4 x 8 ft. x 5 ft. 8 in. 
+8x 10ft. X 6ft. 8in.+6ft.6in.x4ft. = (V+H^+V)Bq.yd8.=^Bq. yds.; 
.*. portion to be papered = (^^ - ^-A) sq. yds. =^^8^. yds. .-. length of 

80 

paper ieqaired=^^ sq. yds.-T-ro — ^ yds.=Af*ydB, ; 

x^ X 9 

.-. co8t=H*xlli<'.=*T*x^A=£V=^5. 7«. ed, 

18. Let a= breadth, and 6= height of room. Then 2a = length; .*. area 
of oeilingsa x 2a=2a^ ; bnt area of ceiling in square yards x 4^^. = (by hyp.) 
£2. 12t. I<f.s626<2.; .*. area Of ceiling in square yards = 625 -h4i=^«^; 
.-. 2a»=iV^Bq. yds.; .«. a«=4|A aq. yds.; .-. a=J(^^ Bq, yda.)=^jdB, 
Again, area of 4 wall8:::2&(a+2a)=6a&=?6x Vyds* x&=^yd8.x5. But 
area of 4 walla in square yards x 2s. 4d. (i e. x 28ci.) 

s (by hyp.) £85 s 85 X 20 X 12<2. ; 

*j « . -;i 36x20x12 OAA 
•*. area of 4 walls in square yards = ^^ =800; 

.'. 50yd8. X 5=800 sq. yds.; .*• 6=6yds. 

19. Area of triangle 

=W[{(d88+900)2~848S}sq. Iks. x {848> - (988 - 900)^} sq.lks.] 

= W{(1888> - 848») sq. Iks. x (848^ - 88)« sq. Iks.} 

=iV(^786 X 1040 sq. Iks. x 936 x 760 sq. Iks.) 

=i/s/{(16 X 9 X 19) (10 X 104) sq. Iks. x (104 x 9) (10 x 4 x 19) sq. Iks.} 

s= i V(16 X 4 X 193 sq. Iks. X 9> X 10^ X 104> sq. Iks.) 

=i X 4 X 2 X 19 X 9 X 10 X 104 sq. Iks. = 355680 sq. Iks. s8*5568 acres. 

20. Area of rectangle =41 yds. 1ft. 8in.xl0yds.l0in.=Vi^x^^Bq.yds. 
=497 X 185 X 6 sq. in. And area of circle of 1 inch radius=ff{ sq. in. (by 
hyp.); .-. no. of circles required =497x185 x 6 xiH=n5602. 

21. (For the construction vide Art. 50 of text-book.) To measure off 
1*87, place one foot of a pair of compasses on the point where the seventh 
line (from the bottom), parallel to AD intersects Cc, and the other foot on 
the point where the diagonal line beginning with 8 intersects the above- 
mentioned seventh line. 

22. 16 ft, tqttarer=15xl5 zquare feet—226 square feet. ••• excess re* 
quired= (225 - 15) sq. ft. = 210 sq. ft. 

28. Area of one field=945xl344 sq. yds.; and area of the other 
= 1134 yds. X shorter side ; .*. 1134 yds. x shorter side of 2<*<* field:? (by hyp.) 
945 X 1844 sq. yds. ; .*. this shorter side 

-?!^^^yda.=S6x82yds.=1120yds. 
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# o^ n 1:1 1 1 o>i 1 1 OA J 1134 X 1120 81752 

••. area of 2»* fle]d=1134 x 1120 sq. yds. = — ^^ — acres = -^^ Bates 

=262 ae. Ir. 26 p. 8^ sq. ycLs.salBO area of 1"* field. 

24. Side of square =^(7867 sq. ft. 52 in.) =^/(7367)i sq. ft.) 

=N/(^*iF* Bq. ft.) =H* ft. =86 ft. 10 in. 

25. Let a = breadth of rectangle ; tlien 8a = length. .*. area of rectangle 
sax8a=8a3=(b7h7p.)6ac.9607ds. = 800008q.7d8.; .•. a'slOOOOsq.yds.; 
.*. a =100 yds. .*. perimeter of rectangle = 2 |a + 3a) = 8a =800 yds. And 
distance from comer to comer (in other words, the diagonal of tiie rectangle) 

= (by Euc. I. 47), /s/{a'+ (3a)>} = V(10a«) =^(100000 sq. yds.) 

8 816*228 yds. nearly. 

26. Areaoffloor=18ft.9in. x 17ft. 6in.=^xVsq.ft.=?5^sq. yds.; 

, ^, . . . - 25x85 12x3 , 25x35 , 

,'. length of carpet required =—57— x — ss— yds. = , yds. ; 

.-. cost =?^^x5». 8<f.=?5^x£tt=£i5ii=£12. 1^. 2Ji. 

27. Area of 4 walls 

=2x9ft. 9in. (15ft. + 10ft.)=2xyx25sq.ft.=MAsq.yds. 

And area of ceiling = 15 x 10 sq. ft. =^ sq. yds. .*. portion to be painted 

= m^ + ¥) sq- yds. = A| A sq. yds. ; 
.-. cost=^xl». 9d.=A|Ax£A=£W-=£6. 8». Hid. 

28. Let a=breadth, and b =height of room. Then 8a=Iength of room. 
.*. area of floor=ax8a=8a^; but area of floor in square yards x4«. 6d. 
(Le. 54(1.)= (by hyp.) £8. 5«. 4^(1. = ^^^^.; .*. area of floor in sqoare yards 

8969 1828 « , 1328 , , 441 ^ 

=21^54 = -36- • ••' ^ =-36- '^- ^^^ '•• ""^l^"^' ^' 

.•. o=V'yds.=iyds.=8iyds.; .•. 3a=^yds.=10iyds. 

Again, area of 4 walls = 2& (a + 3a) = 8a& = 8 x } yds. x 5 = 28 yds. x 5. But 
area of 4 walls in square yards x 9(2. = (by hyp.) 4 guineas =1008€{.; .*. area 
of 4 walls in square yards = ^^ = 112 ; .-. 28 yds. x 5 = 112 sq. yds. ; 

.«. 6=4 yds. 

29. Let a = third side; then each equal side = {a. .*. perimeter of tri- 
angle ={a+fa + a=fa=(by hyp.) 306 ft.; .*. a = 136 ft. .*. height of triangle 
(byEuc.L5,26,and47)=V{(txl36ft.)a-(Jxl86ft.)a}=V{(85a-68«)sq.ft.} 

=^(163 X 17 sq. ft.) = V(17 x 9 x 17 sq. ft.) = 17 x 8 ft. = 51 ft. 
.*. area of triangles — -^— 0q. ft; =3468 sq. ft. 
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80. Here AB=20H., BCslSft., Ci)»82fL, 

D£=18ft. 

Draw EFG parallel to AB or DC, and AFH parallel to 
ED oxBC. .-. EF=EQ-FQ=VC''AB{^yE,X3LQ.l.M) 

= (82 -20) ft. =12 ft. 
And^lf=.iir-FH=Ba-£D=(18-18)ft.=6ft. 
.-. (by Eua L 29, 47) AE=^{AF»+FE^ 

s= VI (12 ft.)« + (6 ft.)«} = V(169 flq- ft-) = 18 ft. 
•*. area of ABCDE=axeA of rectangle ^IBCH+area of 

trapezoid EAHD=BC x BA + ^^t^^ x ^JP" 



,z 




k ' 


iF 


B (i ; 



-( 



18x20+li±l?x 



12^ sq. a = (360 + 186) sq. ft. = 546 sq. ft. 



81. (Vide diag. to Chap. VII. 1. ) Here AB = 96 ft. , CD = 12 ft., required 
CE. Now (Euc. VI. 8. Cor.), CD : DA :: DA : DF; 

.•. CE=iC^=i(CD+DiO=i (12+192) fk.=102ft. 

9x144 

82. Area of one squares^ of a sq. yard= ^^^ sq. in.=:} sq, in. 



.*. side of square = ^(f sq. in.) = f in. = 1} in. 

764' 
. 88. Areaof ba8e=764' sq.ft. = T3:77r—7r across 

^* 4840 X 9 

which is a little more than 18| acres. 



576 

72962 
6445 



acres = 13*30 acres. 



84. Area of rectangle =81 ft. x 60} in. =248x243 sq. in.; 
sqnare equal in area to this rectangle =j^(243' sq. in.) =243 in. 



• • 



side of 



85. Diagonal (by Euc. I. 47) 

=V{.(300»+2002) sq. yds.} =^(130000 sq. yds.)=360-565 yds. 
Now sides of interior rectangle are 300 - 2 x 30, 200 - 2 x 30 yds. 
.*. its area =240 x 140 sq. yds. = 33600 sq. yds. 

86. Area of court = 96 x 84 sq. ft. = 89.6 sq. yds. ; and area of grass plots 

=4 X 22^ X 18 sq. ft. = 180 sq. yds. ; 
.*. portion to he paved = (896 - 180) sq. yds. = 716 sq. yds. 

.-. cost=716x8Jd.=716x£^;r=£\W=£26. Is. 2d. 

87. Is worked like 7. The second room has four times the same area as 
the first room to be papered, while the cost of papering any given area is the 
same as in the first room. 

88. Let a = breadth of room; then 2a = length; .*. area of 4 walla 

=2xllft.(a+2a)=66ft.xa: 
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.*. length of paper required 

«^^~p^=33xa=(byhyp.)166yds.=165x3ft.; .% a=15ft. 

.-. area of floor (or of carpet required) 

= a X 2a= 15 X 80 sq. ft. = 450 sq. ft. s 50 sq. yds. 

89. Here^B=25ft., ilC7«89ft.,BCs56ft« 
.-. areaof'AiiBC=iV[{(39+26)«-562} 
{56» - (89 - 25)2}] sq. ft. =i ^/{(64» - 6&) (568 - W)} sq. ft. 
=i V(120 X 8 X 70 X 42) sq. ft. 
r= J ^(4^ X 8^ X 10« X 2^ X V) sq. ft. = 420 sq. ft. 

But areaof AiiBC7also=^^^^^^^=28ft.x-4D; .-. ^Dx28ft.=420sq. ft.; 

.-. AD = 15 ft. Again, (by Euc. I. 47) BD = ^(AB* - -4D«) 

=n/{ (25» - 152) sq, ft.} =^(40 x 10 sq. ft.) =^(400 sq. ft.) = 20 ft. 

< ^T>TN BDxDA 20x15 -. --^ *x a j « 

.'. area of A ABD = ^ = — o — sq. ft. = 150 sq. ft. And area of 

Ai4DC7=areaof AilBC-areaof AilBD = (420-150)sq. ft.=2706q. ft. 

40. Here ^0= 1220 Iks., BM= 740 Iks., a 

DJ/=8161k8., /T'^ 
.'. area of ^BCD= areas of triangles ABC and ADC / ,. i ._\ 




-( 



1220 X 740 1220 x 816\ „ 
-2 ■*■ 2 Y^'^' 



= jjyLtt (740 + 816) sq. Iks. = 610 x 1556 sq. Iks. \ i / 

= 949160 sq. Iks. = 9*4916 acres. \>^ 

^ c 

41. (Vide diag. to Chap. VII. 1.) Here ilB=24ft., CD = 6 ft. .-. (by 
Euc. III. 3), ^D=DB=i^i?=12ft. ; .-. (by Euc. L 47), 

^C=V(C^I>'+I>^')=N/{(5H122)sq.ft.}=^(169sq.ft.)=18ft. 

1 -^t. t 8x13-24^^ ^^^^ 
/. length of arc= ft. =26} ft. 

42. Area of floor of room =15 ft. 9 in. x breadth =-V ft. x breadth = (by 
hyp.) 21 sq. yds. =21 x 9 sq. ft. ; .•. breadth of room =21 x 9 x bV ft. =12 ft. 

43. Area of rectangle =20 ft. 5^ in. x the other side=^/^ ft. x the other 
side=(by hyp.) 372 sq. ft. 32^in.=iVjW^-isq. ft.; .•. the other side of the 
rectangle=AJ^»^x A\ft.=Wft.=18ft. 2iin. 

44. Is worked like 34. 

45. Area of 1»* land=375ft. 6in.x75ft. 6m.=i^xJ-SJ^8q. ft. And 
area of 2"* land=278 ft. 9 in. x 157 ft. =-U^ x 157 sq. ft. 

••. cost of latter = (JJ^ x 157)-^ (-4^ x ^i) x £118. 2». 6id. 

1116x157 ^113401 ^35011 ^^^ ^ ,,«^ 
= 75m5r^*-960-=*-l92-=*^®2. 6.. 11|(2. 
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880x47 
46. Area of Btreets) x 1760 yds. x Y 7cl8.s — ^ — sq. yds. ; 

47« Area of 4 walls 

=2xl6x(20i + 15i) sq. ft.=82x368q. ft.=128sq. yds. 

And areas of doors, windows, and fireplace together 

s(2x 8x82+5x7+2x5x4+4x8) sq.ft. 

=(60+85+40+14) sq. ft =^&8q. yds.; 

.*. portion of room to be papered = (128 - -4^) sq. yds. =i^^ sq. yds. 

, ^, . . - 1008 12x8 - 2006 . 

.•, length of paper required =—^ x -^ yds. » -jv- yds, 

_^ 2006 ,- , 2006 ^ 16 ^1008 ^^ ^ _, 
.-. C0Bt=-^x7Jd. = -j^x£^«£^^^=£4.8.. 7i. 

48. Is worked like 28. 

49. Here ^£=£C7= CD =825 ft.; 

^D=788ft., 

and is parallel to BC. Draw CE parallel 
to AB, and CF perpendioolar to AD ; then 
(by hyp., and £uc. I. 5, 26), 

EF=FD=iED=i{AD''AE) 
=1{AD-BC) (by Euc. I. 84)=204ft. 
.-. FC==^{EC^-EF*)=^{AB^-EF^=>J{(Z25^^204?)Bq. ft.} 

=^{{529 X 121) sq. a} =23 x 11 a =253 ft. 
•*. area of trapezoid ABCD 

^D+BC ^^^_783 + 325^2gg^ ft.=529x2588q. ft.=133837sq. ft. 




2 



50. By Eac. IV. 6 and I. 47, side' of inscribed square = radios' + ra- 
dios' =2 radios' =2 x 6' sq. ft. =72 sq. ft. =area of inscribed sqoare. 

51. Here .1B=12 in., BC=15 m., ^C=20in., 

DF= 25 in., 

required DE and EF. Now A* ABC and DEF are similar; 
.% (by Eoc. YI. 4), AC : BC :: DF : FE; 

__ BCxDF 16x25. 75. ,„, 

•'• -F^=— io~="""20-"'-==T"'-=^®'^ 

And AC : AB :: DF : DE; 

__, ABxDF 12x25. -^, 
... D^=--j^-=-^5-m.=15in. 

52. Is worked like 46. 
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53. Is worked like 43. 

54. 10000 sq. metres= (85881-4-3) sq. yds. ; 

,*. 1 sq. metre = {^f|^ sq. yds. = 1*1960$ sq. yds, 
/. 1 metre =/^(l-19603sq. yds.) =1*0936 yds. 

55. Area of platform = 54 x 21 sq. yds. = 54 x 21 x 9 sq* ft. ; and area of 
1 plank =13^ ft. x 10iin.=^x| sq. ft.; .*. no. of planks required 

= (54x21 x9)-^(Vx{)=:864; 
and cost of wood 

=54 X 21 X 9 X 5i(i. =54 x 21 x 9 x £AV=^^W^=£233. lis, 9d. 

71 X 25 

56. Area of floor = 17 ft. 9 in. x 12 ft. 6 in. = -^ — ^ sq. yds. .•. length 

O X a 

of Brussels carpet required =-3 — ?r^ly^^'="« — G~y^8*f ^'^^ length of 

0X9 o X y 

TT-^j A X • ji 71x25 - - 71x25 - 

Kidderminster carpet required =-3 — ^ x f yds. =-= — ^ yds. . 

0X9 I X y 



former carpet =-- — .r- x is, 6d.; and cost of latter =-7= — ^ x 3a. 6d 

o X y 7 X y 

ference in cost = — 7: — (i x 4». 6d. - f of 3a. 6d.) = — 7: — x Zd, 



cost of 
.'. dif- 



9 



71x25 



9 



x£A=£ttJ=£2. 9a. 3|d. 




57. Area of 4 walls=2xl0(15i+9i)sq. ft.=500sq. ft.; and area of 
windows and doors together = (2 x 5 x 4 + 3 x 6^ x 3) sq. ft. = 100 sq. ft. ; 
.*. portion of room to be covered with postage stamps 

= (500 - 100) sq. ft. =400 sq. ft. =400 x 144 sq. in. 

But area of 1 postage 8tamp=^xf sq. in.=^|sq. in. ; .*• no. of postage 
stamps required =400 x 144 x ^=81920. 

58. Here LADE=\L ABC, BE is parallel to BC, 
which =200 yards. Now L*ADE and ABC are simi- 
lar, .-. area of L ABC : area otAADE : : BC^ : DE^; 
.*. area of A ABC : i area of A ABC 

:: 40000 sq. yds. : DE^; 

.*. D£'=i X 40000 sq. yds. =20000 sq. yds. 

.-. DE=V(20000sq. yds.) =141-42 yds. 

59. Let a = radius AC of outer circle, and b = radius 
BC of inner circle. •*. area of space between the circles 

= 3-1416 a^ - 3-1416 62= 3-1416 (a^ - h^). 

Now draw chord ADE touching inner circle at D. Join 
DC, Then angles at D are right angles (by Euc. III. 
18). .-. (by Euc. I. 47), AD'^={AC^-CD^)=a'^"b^; 
.*. area of space between the circles = 3*1416 ^D^ 
i.e.=area of a circle whose radius is AD, or whose 
diam. is AE (for AD -DE by Euc. III. 3). 

T. M. K. 
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60. Area of conrt = 8*1416 (15 fli.)'= 706*86 sq. ft. ; and area of hexagonal 

Bpaoe=6x^/^3Bq. ft. (vide Chap. XV. 6)=6 x 1*732 sq. ft. = 10-392 sq. ft.; 

.-. area of portion ofcOurt to he paved =(706*86 -10-392) aq. ft. =696*468 sq.ft. 
.-. coBt=696-468x2». 3d. =696-468 x£A= £78-3526 =£78. Is. nearly. 

61. No. of bricks in wa]l=120 x 15 x 2=3600. 

62. Vol. of solid = 2 yds. x 1^ yds. x thickness = 3 sq. yds. x thickness 

= (by hyp.) 1 cub. yd. 6 ft. 1296 in. =f cub. yds. ; 
•*. thickness = { x )^ of a yard = ^V 7^^. = 15 in. 

63. Vol. of water=18|xl3|xT*,cub. fl.=i^*^cub. ft.; .% weight of 
water=i|A x 62ilbs. =ii|5Albs.=2604i lbs. 

64. VoL of all the required no. of leaves together 

=56 X 1 cub. in. =ttv <^b* ft* ! 
•-. their weight =7^ x 10 cwt. 95 lbs. =7^7 x 1215 lbs. Av. 

=,i^ X 1216 X 7000 grs. Troy = 275625 grs. Troy. 

But 1 leaf (by hyp.) weighs 1 gr. Troy; 

.*. no. of leaves that weigh 275625 grs. = 275625. 

65. Edge of cube 

=4^(2-376 cub. yds.)=4^(2|{Jcub. yds.)=/y(64cub.ft.)=4ft. 

66. Every internal dimension of figure = corresponding external dimen- 
sion - 2 in. .'. the internal dimensions are respectively, 7 ft. 1 in., 6 ft. 3 in., 
4ft. lin. .*. vol. of box were it full =7 ft. 3in.x6ft. 5in.x4ft. 3in. 

=^ X ^ X J^ cub. ft. =^fi cub. ft. ; 
and vol. of empty portion = 7 ft. 1 in. x 6 ft 3 in. x 4 ft. 1 in. 

- «B 5^ ;yL X ^ cub. ft. =^Wt CUb. ft. 

.-. vol. of material in box=(iJ||i-iiVVWcub. ft. =^^^ cub, ft., and this 
weighs 2 cwt. 2 qrs. 7 lbs., i.e. ^ cwt. ; .*. weight of ^^-^ cub. ft. 

= sraej. x^8^ X $icwt.= W cwt. =^V-lbs. =3349i lbs. 

67. Vol. of monolith =113 x 115 cub. ft.= — ^7 — ^^^' 7^*5 •'• "^^l* of 

, ,. , 2 113x115 , , 25990 , . ^„^». v ;i xr 
obelisks^x — ^ — cub. yds. = —^^— cub. yd8.=3205J cub. yds. Now 

since ^Vi^ cub. yds. or s^m. cub. ft. of granite weigh 639 tons, .*. 1 cub. 

* X * -x • v 3x639. 429408,, ,^^„ , 

foot of gramte weighs ^^^^ tonB= ^^qq lbs. =165 lbs. nearly, 

68. Vol. of wood 

= 3*1416 X (J ft.)» X A ft- = -06545 x 49 cub. ft. = 3-20706 cub. ft. 
Uppersurfaceof table =3-1416 x(ift.)2= 38-4846 sq.ft.; .*. cost of polishing 
= 38*4846 X 6(2. = 38*4846 x is. = 19-2423«. = 19«. dd. nearly. 
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69. Content of hose = 8*1416 x (1 in.)' x 480 cab. in. ; 
and 1 gallon contains 277*274 cub. in. ; 



.% no. of gallons hose can contain = 



8-1416 X 480 758-984 



277-274 



138-637 



=6-44 nearly. 



70. Here BC= 2 ft., CD = 3 ft., EF= 8 ft. Now from 
similar ^^'BCD and EFO (by Euc. VX 4), 



FG : FE :: CD : CB; .•. FG=^ 



FExCD 8x8 



CB 
8x2 



2 



ft. =12 ft 




Thus area of triangle BCD= -^ =3 sq. ft.; and area 

8 X 12 
of EFO= — ;r— s=48 sq.ft.; also the square root of their 

product =Ay(3x 48) =12. Hence applying the rule of Art. 
268 of the text. 

Vol. offrastum=^x7x(3 + 12+48) 

= 147 cub. ft. 

* 

71. Vol. of wall = 72 X 8 X ^ cub. ft. = 72 x 12 x 1728 cub. in. ; and vol. of 
1 bricks 9 x 4^ x 3 cub. in. =9 x f x 3 cub. in. ; .*. no. of bricks required 

= 72 X 12 X 1728 x ^^ = 12288. 

81x3 

72. Vol. of solid = length x 1 ft. x 18 in.=f sq. ft. x length = (by hyp.) 
8 cub. ft. 216 in. = V-cub. ft. .-. length of soUd=Jy^ x f ft. =f | ft. =25 in. 

73. Vol. of box = 4 ft. X 2i ft. x 1 J ft. = 15 cub. ft. = 16 x 1728 cub. in. ; 
and vol. of the 252 books = 252 x 8 x 5 x f cub. in. = 252 x 60 cub. in. ; .'. yoL 
of portion of box still to be filled 

= (15 X 1728 - 60 X 252) cub. in. = 60 (432 - 252) cub. in. » 10800 cub. in. 

Now vol. of one of the other books=6 x 8 x (cub. in. =^ cub. in.; .*. no. of 
the latter books required to fill the remaining portion of the box 

=10800 xA=480. 

74. Vol. of parallelepiped = base x height = 26 sq. ft. 6 in. x height 

= W 8q. ft. X height = (by hyp. ) 659 cub. ft. 1248 in. =iJjy a cub. ft. ; 
.-. height=i\¥^x^ft.=¥ft.=25ft.4in. 

75. Edge of cube =4^(10970-645048 cub. in.) =22-22 in. 

76. Surface of cube = 6 x edge* = (by hyp. ) 893-66 sq. ft. ; 

.-. edge»=65-61 sq.ft.; .•. edge=y(65-61sq. ft.)=8-lft.; 
and cubical content =(8*1 ft.)>= 531*441 cub. ft. 

77. Vol. of cone=i x 3*1416 x V x 8cub. ft. =8*1416 cub. ft. 

78. VoL of roller = 3*1416 (10 + J)» x 80 cub. in. - 3-1416 x 10« x 80 cub. in. 
= 8*1416 X 30 {(V)3 - 103} eub. in. = 8-1416 x 30 x i^L x ^ cub. in. ; .-. its weight 

= 8*1416 X 80 X ^ X 4*562 oz. = *8927 x 80 x 10*25 x 2-281 lbs. = 275*4 lbs. 

.9 
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« 

79. Area of flat roof = 2V sq. ft. = 441 sq. ft. 

•*. cost of leaden 0OYering=441 x 6d.=J&W=£ll* Os. Cd. 
Now if diag. to Chap. XXV, 21 represent the pyramidal roof 

-^c^=n/[{io»+ w)'} aq. ft.]=V(^8q- ft.)= vft. 

•*. lateral snrfaoe of pyramid 

=4 X ^^^ sq. a =21 X 29 sq. ft =21 X 29 X 144 sq. in. 
2x2 * 

And area of 1 slate=12x98q. in. .*. no. of slates required for pyramidal 
roof = (21 X 29 X 144) -i- (12 x 9) = 28 x 29. And their cost 

80. Let a and 5 represent corresponding dimensions of the solids, and 
8c and c the surfaces of these respectively. Then 8c : c : : a^ : &*; 

Again, vol. of l"* solid : vol. of 2"'* solid : : a* : 6" ; 

i.e. as b'x 3^8 : &>; i.e. as Z^S : 1. 

81. Vol. of parallelepiped = 36 x 76 x 80 cuh. in. = 4* x 6* x 3' cuh. in. 

= 60* cub. in. = (by hyp.) vol. of cube. 
.'. edge of cube = f/{Q(fi cub. in.) = 60 in. = 5 ft. 

82. Vol. of water flowing per minute 

=^ (30 ft. X 200 yds. x 4 miles) = 3600 x 1760 cub. ft ; 
and 1 cub. foot of water weighs 1000 oz. Av.; .*. weight of water required 

or^/vn iTAr^ innn 8600x1760x1000. 1237600^ 
= 3600 X 1760 X 1000 oz. = i6x28x4x2Q ^^ ^ 7~~ *°°^ 

=176785^ tons =176786 tons nearly. 
88. Side of cube =4/(5- 369375 cub. ft) =4/(9261 cub. in.)=21in. 

84. Vol. of cistern = (10* +2») cub. in. = 1008 cub. in. ; and area of its 
ba8e= {(1|)*' (li)*} sq. ft =-^Bq. ft.=H*sq. in. Now vol. of cistern like- 
wise = area of its base X its depth =^psq. in. x depth; .*. ^P-sq. in. x depth 
of cistern = 1008 cub. in. ; .*. depth of cistern = 1008 x yf^ in. = 27 in. 

oe 17 1 * 1. - X. ' £1206.4«.4d. 72373 60 .,. , 

85. Vol.ofcubemcub.m.=-j3-3^j^-^=-^ X2n=343; .-. edge 

of cube =4/(348 cub. in.) = 7 in.; .*. surface of cube=6x7^sq. in. And cost 
of gilding=6 x 49 x ^d,=^s» = 128, Sd. 

86. Thickness of 1 sheet of paper =7^ of an inch; .*. vol. of the 
required no. of leaves =66 x ^cub. in. =^ of a cub. in. ; .•. their weight 

= Jt X TT^rr X 1216 lbs. Av. = ^VV lbs. Av. = ^^ x 7000 grs. Tr . = 1^^ grs. Tr. ; 

but, by hyp., 1 leaf weighs 1 gr. Tr.; .•. no, of leaves required s=^®^= 689 
very nearly. 
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87. Vol.ofba8m=Jx{x3-1416x(JJtl«xl5oub.ft.=3-1416xlV*ctib.ft.; 
.-. vol. of tub«8-U16xJJ^XTi^cub. ft. =3 -1416 xU cub. ft. But vol. of 
latter likewise = 3-1416 x radius^ x | f t, ; 

.-. radius* of tub= (3-1416 xJ|)-5-(3-1416x 4) sq. ft.=|fsq. ft. 
.•. radius of tub = J ft.; .•. its diam.=|ft. = 2ft. 6in. 



88. (Vide diag. to Chap. XXV. 30), here ^D=4in., and BD=3in.; 




=3-1416 X 3 (3 + 6) sq. in. = 76-8984 sq. in. 



89. 



By 


A 


E 


r- 


«^ 


^ 


F 


L4 






T^ 


<A 



H 



Here Jlfl,=4in., 2^0=9 in., JF:E'=12in., 

5J5;=8in. 

Join BD^ and FH. Then A' BED and FKH are 
similar. Hence (by Euc. VI. 4), DE : EB :: HK : KF; 

.•. DE=^ in. =6 in. 

Now, let AL be the height of the pyramid, of which 
CBFGHKED is the given frustum. Now BM= i BD 

And JFi = i JFH = i ^(FK^ + KH^) 

=JV{(12»+92)sq.in.} = Vin. 
Now &om similar A* ABM and AFL, 

.-. 15Jjlf=10i4M+40in.; .-. ^M=8in., and ^L= (8 +4) in. =12 in.; 

.'. vol. of the given frustum = vol. of pyramid .iFGIfiT- vol. of pyramid 
^BCDE=(Jx9x 12x12-^x6x8x8) cub. in. 

= J X 3 X 16 (27 - 8) cub. in.=304cub. in. 

With reference to this solution, see the note prefixed to Chapter XXVI. 
In this solution, as in those of the similar problems, the axis AML of the 
pyramid is assumed to be perpendicular to the ends of the frustum. If we 
apply the rule of Art. 268 of the text, we have 

Vol. of fi:uBtum= J x 4 x (48+ ^{48 x 108} + 108) 

=Jx4x (48 + 72 + 108) 
=304 cub. in. 

90. Surface of sphere = 3-1416 x diam. x diam. = 3-1416 x diam.3=(b7 
hyp.) 25 sq. in. ; .•. diam.3= (26H-3-1416) sq. in. = 7-967728 sq. in. ; 



.'. vol. of sphere 



.-. diam.=V(7'957728sq. in.)=2-821in.; 



25 



=i X 3-1416 X diam.« « J x 3-1416 x ^~^ x 2-821 cub. in. =11-754 cub. in 



118 MENSURATION. 

91. Vol. of log=20^xl-^xlicub. ft. = — T^^cub. ft.; and vol. of all 
the planks s area of their surface x ^^ ft. ; .*. area of their surface 

= ?i^ X 12 sq. ft. = 671 sq. ft. 

92. Vol. of water=6x3xlicub. ft. = Vo^^'^*-f *^d 1 cub. foot of 
water weighs 1000 oz. Ay. ; .'. weight of water in bath = V ^ 1000 oz. 

= V X ^ lbs. =1^ lbs. = 1968-76 lbs. = 1969 lbs. nearly. 

93. Is worked like 83. 

94. Vol. of box=2^x3Jx4|cub. ft. = 13» x 24 cub. in.; and vol. of 

13' 
package=(^in.)'=^cub. in. .*. no. of packages required 

= (13» X 24)-^^=24 X 27=648. 

95. Area of floor = 14^ x 13^ sq. ft. = 190 sq. ft . ; and area of 1 plank 

=} X 10 sq. ft. = V sq* ft* ; 
.*. no. of planks required =190 x /(r= ^^=28}; .*. voL of all the planks 

= V X V Bq. ft. xi in. =67 X 240 cub. in.; 
.•. their weight = 57 X 240 X J oz. Av.=i^lbs.=427Jlbs. 

36' 

96. Vol. of room = length's (by hyp.) 46656 cub. ft. = ^^ cub. yds,; 

ia7 

••. length of room =y yds. =12 yds. .•. area of floor =12' sq. yds.; and 

12x3 
length of carpet required = 144 x yds. = 192 yds. ; .*. cost of carpet 

^7 

= 192 X i$. 6(i. = 192 X £^=z£^fi=MS. 48. 

97. (Vide diag. to Chap. XXV. 25), here AB = 16 ft., DE = 24 ft., .•. AC (by 
Euc. I. 41)={AB^+B(P) = ^ |^B»+ (^)'j- =^/{(W+l2^ sq. ft.} 

=V(400sq. ft.)=20ft. 
•*. area of the 4 triangular faces of pyramid 

=4 X ?i^ sq. ft.=960 sq. ft.=960 x 144 sq. in. ; 

•*. quantity of lead required = 960 x 144 x ^ cub. in. = 960 x 9 cub. in. ; and 
weight of lead = 960 x 9 x 7 oz. = 3780 lbs. Again, vol. of one bullet 

= {8-1416 X (A)' X J + i X 3-1416 x ( A)« x {} cub. in. 

=3-1416 X x«T (J+1) cub. in. ^^^ cnb. in.; 

•*• no. of bullets that can be cast out of the lead 

/Afln ixx 45 X -3927 7744 ^^^^^ 
.= (960 X 9)-f.— ^^2j— = :i309=^^159 nearly. 
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98. Vol. of ball = | x 3-1416 x (| in.)» x 9 in. = 3-1416 x a^a cub. in. = (by 
hyp.) voL of cone=^ x 3-1416 x 9* sq. in. x height =3*1416 x 27 sq. in. x height 
of cone; .-. height of cone= (3-1416 x Afi)-r (3-1416 x 27) in. = ^ in. =4J in. 

99. Whole snrface = (3*1416 x 4 x 24 Bq. ft. + 2 x i x 3-1416 x 4 x 4) sq. ft. 
= 3-1416 X 16 (6 + 1) sq. ft. = 3-1416 x 112 sq. ft. = 361-8692 sq. ft. 

100. Using the Bnle of Art. 341 of the text for the conical part of the 
funnel, its surface 

=J(20 + lJ)6=^8q.in. 

And curved surface of cylindrical part of funnel=f x8 sq. in. = 10 sq. in.; 
.-. no. of sq. in. of tin required =^J^+ 10 =73|. 

101. Vol. of large cube =22' cub. in. ; and vol. of one of the small cubes 
= (Y)8cub. in.; .*. no. of latter that can be cut out of former 

=228x=^=28x4»=612. 
IP 

102. Let a = breadth of room; then |a= length, and |a= height; .*. con- 
tent of room = a x |a x fa=a'=(by hyp.) 6832 cub. ft. =18* cub. ft. ; 

.-. a=18ft.; andlength=4xl8ft.=27ft., andheight=|xl8ft. = 12ft. 

103. Is worked like 83. 

.«. „ ,,. , . , 4ix27cub.ft. 9x27 8 . 

104. Multiple reqmred= ^ ^^^^^^, = -g- x ^^^i. 

106. Vol. of water that passes under bridge in lOmin. 
=^ X 17Jft. X lOH ft- X 4 miles=63 x 131 x 880 x 192 cub. m. 

= 1173089280 cub. in.; 
and 1 gallon =277*274 cub. in. ; .•. no. of gallons of water required 

1173089280 ,^^^„^, 
=~27F274~=^^^^^^ ^^*'^y- 

106. Side of unexpanded metal=j,y(l sq. in.)=lin.; and side of ex- 
panded metal=V{(l + -0201) sq. in.} =1*01 in. ; 

.-. vol. of hitter = (1*01 in.)»= 1-030301 cub. in. 
.•. increase of vol. = (1-030301 - 1) cub. in. =-030301 cub. in. 

107. Let a; = length of edge of cube; surface of cube =6^2= (by hyp.) 
surface of sphere =3*1416 xdiam.2; .-. x*=-6236xdiam.2; 

.-. X = diam. ^-6236 = diam. x -7236. 

Now vol. of sphere : voL of cube : : i x 3-1416 x diam.' : x^; 

which is as -6236 x diam.> : -6236 x diam.* x -7236; 

.•. voL of sphere =,7936 ®' ^^^ °^ cube =1*382 of vol. of cube. 
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In this and the three following examples the method of solution adopted 
has been somewhat Algebraical, llie student who anderstands Algebra will 
have seen that he may often use it advantageonslj in the more difficult 
examples. Let r be the radius of the sphere, x the edge of the cube, v the 
number 3*1416. 

Then as the sphere and the cube hare the same surface iirr^=6x^. 



,% 4r'=-a? and 2r. 

T 



. , vol. of sphere 4irr» 4irr» 2r 2r /5^ , ««« 

Also — -. — ,^ . =-q:3-='-c-5-*— = - =6 a/ -=1*382. 

vol. of cube Bx^ Qx^ x x V x 



108. Let x= radius of base ei cylinder; then 2x= height of cylinder. 
•*. whole surface of cylinder 

=2x3-1416xa3+31416x2ajx2«=6x3-1416xa;« 

a=(by hyp.) surface of sphere =3*1416 x diam.' of sphere ; 
.*. x^=\ diam.* of 49phere; .*. x=diam. x Ay^=diam. x *40825. 
Now vol. of sphere : vol. of cylinder : : ^ x 3*1416 x diam.' : 3*1416 x a;' x 2x ; 
which is as ^ diam.' : 2 x ) x *4082o x diam.', or as 1 : '8165 ; 

A vol. of sphere =;^Y65 of voL of cylinders 1*2247 of voL of cylinder. 

Otherwise. Let r be the radius of the sphere, x that of the cylinder of 
which the height is therefore 2x. Then, their surfaces being the same, 

4x7^ = 2^x3 + ivx^ = 6irx». 

.*. 2r*=3x2 and r=x J^, 

,, vol. of sphere iirr" 2r' 2r* r r /r- ^' «,« 
■^0 — = — » — ^-.— , - = I — 5 = q:^ = Q-i X - = -=^/|=l*2247. 
vol. of cylinder 2irx* 3x* 3x* x x ^* 

109. Let x= length of edge of cube; .*. vol. of cube=x'=(by hyp.) vol. 
of sphere = ^ x 3*1416 x diam.» .•. x* = diam.> x *5236 ; 

.•. X = diam. v '5236 = diam. x *806; 
Now surface of cube : surface i)f sphere :: 6x2 . 3.1416 ^ diam.*; 
which is as 6 X (*806)" x diam.' : 3*1416 x diam.«; or as 6 x *649636 : 3*1416; 

.*. surface of cube = -;g236~ °' '^'^"^^ °^ sphere = 1*2407 of surface of sphere. 

Otherwise, Let r be the radius of the sphere, x the edge of the cube. 
Then, as the volumes are the same, 

|irr8=x»; •-. a^=(^)'.r». 

.- / surface of cube V _ / 6x2 y _ / 3 y «'_/3y /4iry 6 
^®^ Vsurface of sphere j " V^^/ "K^^J ^^"[fi^J ^\Y) "i* 

surface of cube '/e" 

surface of sphere ~ V J^^-*-'^*"'* 
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110. Let a; = radius of base of cylinder; then 2x= height of cylinder. 
.«. vol. of cylinder=3-1416xx«x2x = 2 X 3-U16 xa;8 = (by hyp.) vol. of 
Bphere=^x 3-1416 xdiam.*; .•. aj'=t*j diam.* of sphere. .•. a;=diam. of 

sphere x ^(-083) =diam. x '4368, Now surface of cylinder (as in 108) 
=6 X 3-1416 X x2=6 X 3-1416 x (-4368)a x diam.^ of sphere 

= 6 X 3-1416 X -19079424 x diam.2= 3-1416 x diam.^ x 1-1447 ; 
.*. surface of cylinder : surface of sphere 

: : 3-1416 x diarn.^ x 1-1447 : 3-1416 x diam.2 ; or as 1-1447 : 1 ; 
.*. surface of cylinder =1-1447 of surface of sphere. 

Otherwise, Let r be the radius of the sphere, x that of the cylinder of 
which the height is therefore 2x. Then, the volumes being the same, 

4irr» = 2Ta:8; .-. x8=(|)«f«. 

Also C^^ r °yi°^er y ^ /6gy^ (I)'- g = (I)' X (gy=i. 

\ surface of sphere / \^inrj \2J »* \2J \3/ 2 

surface of cylinder _ Vs _-,,-, a An 
surface of sphere ~~ v 2 "~ 

111. Vol. of water in cistern 

=6ix3|xlJcub.ft=J^x^^'^xfcub. ft.=WcultJ-^':-; 

and 1 cub. foot of water weighs 1000 oz. Av. or i^^lbs.; .-. weight of 
water in cistern =-^2^ x if^. lbs. =iiL8A 25. lbs. = 1611 lbs. nearly. 

112. Vol. of gravel 

= 3 J ac. X 4i ft. = J^ X 4840 x f x ^ cub. yds. = 45 x 605 cub. yds. 
.-, cost=45 X 606 X 6d. =45 x 606 x £:Ar=£* V~=£680. 12«. 6d, 

113. Edge of cube=4/(5 cub. ft. 621 in.) =4/(9261 cub. in.) = 21 in. Now 
in the diag. to Chap. XXV. 39 join GC; &nd EG. Then GC is the diagonal 
of the cube. EG (by Euc. I. 47) 

=^{(21^ + 212) sq. in.} = V(2ia ^ 2 sq. in.) ; 
.•.GC=V(EG2 + ECa)=V{(21«x 2 + 218) sq.in.}=V(2l2x3sq.in.) = 21V3 in. 

114. Vol. of brick = i x f x J cub. ft. =^1, cub. ft. ; and vol, of stack 

= 10 X 6 X 3 cub. ft. = 180 cub. ft.; 
.•. weight required = 180 x J^ x 6 lbs. = 12800 lbs. 

115. Use the diag. of Chap. XXV. 21, 

ADE is an equilateral triangle, each side being 20 ft. •*. the height 

^C=V(20a- 102) = 10^3. 
And CB=JDJF*=10. .•. ABy the height of the pyramid 

=J(AC^-^ CB^) = V(300 - 100) =^/2'00= 10 ^2. 
Thus vol. of pyramid=Jx20»xl0V2=^/^V2=1885-6cub. ft. 
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116. Vol. of cylinders 8-U16 x 3« x 20 cub. ft. = 666-488 cub. ft. 

117. The ditch is in the form of a prism, the four faces of which are 
rectangles or parallelograms, and the two ends trapezoids. The problem is 
the same as that of dividing one of the trapezoidal ends into two trapezoids 
of equal area, as in Chapter XIX. 19. In the diagram to that example let 
ABCD be the trapezoid, AB the bottom of the ditch =12 ft., CD =16 ft, 
and EI the depth of the ditch =4 ft. It is required to find IL so that the 
trapezoid FGCD may equal the trapezoid ABFG, 

From similar triangles KAB, KCD, 

JK : AB :: KE : CD, 
that is /iC:12::IiC+4:16. 

.-. 16 X IK =12 {IK +^), 
therefore IK= 12 ft. and KE = 16 ft. 

Thus the area of KAB is 72 sq. ft. and that of JTCD = 128 sq. ft.; and 
the triangle KFG is equal to one-half the sum of KAB and KCD. .*. area 
of ZFG= 100 sq.ft. 

Now by the rule in Art. 206 

KL^: KE^:: 100:128; 

.-. AX«=^|5^=200and^I.=10V2, 
and IL = 10V2- 12=2-142 ft. 

118. Use the rule in Art. 268. We have area of one end 

= 3-1416 X 182 sq. in.; 

and area of the other end =8-1416 x 12' sq. in. ; also the square root of the 
product of these =3*1416 x 18 x 12 sq. in. ; .*. vol. of frustum 

= J X 16 (182 + 18 X 12 + 122) X 3-1416 
=10744-272 cub. in. 

119. Vol. of iron ball= ^ x 3*1416 x 4' cub. in. and Tol. of shell 

=^ X 3*1416 X (7» - 48) cub. m. 

,'. weight of shell = 3 x weight of ball 

= -DTx91bs. 

=44 lbs. 7oz. 

120. Whole surface of cone = (3*1416 x radius' + 3 -1416 x radius x 3 radius) 

= 4 X 3*1416 X radius' = (by hyp.) 32 sq. ft. ; 






Q 

radius' =^"77^ sq. ft. Now height' of cone (by Euc. I. 47) 

= slant height' - radius* = 9 radius' - radius' = 8 radius' 

"3TS6 ^^* ft. =20-37178507 sq. ft. 
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.% height =V(20-37178507sq. ft.) =4-6186 ft. 
vol* of cone=^ x 8*1416 x radius^ x height 

=i X 81416 X 5-4t5 X 4-6136 cub. ft. = 12-036 cub. ft. 
" 3-1416 

121. Vol. = 9 X 2i cub. ft. =^ cub. ft. = 22 J cub. ft. 

122. Vol. of coal 
= 120 ac. X 6 ft. = 120 x 4840 x f cub. yds. = 968000 cub. yds. ; 

its weight = 968000 tons. And value of coal = 968000 x 12*. = £680800. 

123. Vol. of glass 
=6 ft. X 3ift. x|in.=6 X Vx 144 xf cub. in.=900cub. in. 

124. Vol. of coal in field 
= 1000 sq. miles x 60 ft. = 1000 x 1760^ x 20 cub. yds. ; 

its weight = 1000 x 1760^ x 20 tons ; .-. no. of years required 

= 1000 X nee . 20 X ^-^^ = ?^« = 885 yeiy nearly. 

126. Let ?t= height of whole pyramid; .•. vol. of smaller pyramid : vol. 

^ j : /i^; i.e. as )^ : 1 ; .*. vol. of smaller pyramids^ of vol. 

of whole pyramid; .-. vol of frastum= J of vol. of whole pyramid 

= 7 times vol. of smaller pyramid. 

126. Vol. of cylinder 

= 3-1416 X (i ft.)« X height = -7864 x 25 sq. ft. x height = (by hyp.) 786-4 cub. ft. 

, . , . 785-4 -, 1000-^ .^.^ 
••• ^'^«^*=:7864726 ^' = -26" ^*-=^^ ^*- 

127. Use Art. 283. Area of one rectangular end =8 x 7=66 sq. ft. ; and 
area of the other rectangular end =10 x 6 = 60 sq. ft. The middle section is 
a rectangle of which the dimensions are J (8 + 10), i (7 + 6), that is 9 ft. and 
Vft., and the area=^^sq. ft. Thus vol. of prismoid 

=ix4x(56 + 4xii^+60) 

=233icub. ft. 

128. (Vide diag. to Chap. XXVI. 16.) Here DJ3'=4ft., BZ=6ft., 
HL=7ft., and ir^=3-884ft. AH (found as in Chap. XXVI. 16)=28ft., and 
AL=i5 ft. Now we shall suppose that FO bisects the frustum, and we shall 
hence shew that HK=S'8S^ft. Frustum Di?'G£= cone ^FG-cone AD£; 
and frustum FBCG= cone ABC -cone AFG; but frustum i?'5CG= (by hyp.) 
frustum DFOE ; .•. cone AFO - cone ADE = cone ABC- cone AFG ; 

.*. cone AFG=i (cone ^BC+cone ADE), 
Now cone ABC : cone ADE : : AL^ : AH^ ; 

oo^e ABC +cone ADE . cone^D^ .. ^^s+^fls : ^h'; 
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i. e. cone AFG : i cone ADE : : AL^ + AH^ : AH^ ; 
but cone AFG : i cone ADE : : AK^ : J AH^ ; 

.-. AK^ : iAH^ :: AL^+Am : AH^; 

.'. AK^=i (AL^+AH^)=i (36«+288) cub. ft. =32413-6 cub. ft.; 

.-. ^ij:=4/(32413-5 cub. ft.) =31 -884 ft.; 

/. £r2i:=ii^-^ir= (31-884 -28) ft. = 3-884 ft. 

129. Vol. of solid ball=| x 3-1416 x 4« ; and vol. of shell 

=^x 3-1416 x(5»-4S). 

.-. weight of shell = ^ x weight of ball 

=|^x81bs. 
64 

=74 lbs. 

lf»*708 

130. Diam. of ball=5^rTT^ ft. = 5 ft ; .•• surface of ball 

= 15-708 X 6 sq. ft. = 78-54 sq. ft. 

131. Vol. of excavation 

= 30 X 28 X 18 cub. ft. = vol. of wall = 10} x 2| sq. ft. x length of wall ; 
.-. length of wall = (30 x 28 x 18) -=- (V x |) ft. = 640 ft. 

132. VoL of ci8tem=6x4x3 cub. ft.sssOO cub. ft.=quantity of water 
discharged through pipe in 1^ hours, i.e. in 90min.; quantity discharged 
per niinute=|Jcub. ft.=|cub. ft. = 1152 cub. in. ; and 1 gallon of water 

contains 277-274 cub. in. ; .-. no. of gallons required =^=^^=2= 4- 15. 

133. No. of cub. feet required=200 x 15 x | x ^=i^=312J. 

134. Vol. of ice = 4 ac. X 6 in. = 4 X 4840 x 9 x J cub. ft. = 18 x 4840 cub. ft.; 

.-. weight of ice =18 x 4840 x 896 oz.=^^?iil|l?ii^ tons =2178 tons. 

lb X 28 x 4 X 20 

135. Vol. of coal consumed in 1 month = — :— — cub. yds. (vide 124) 

= J cub. ft., and voL of pyramid=^x7642 sq. ft. x height (vide 

nx. ^ryrxr Ai\ u ' x.4. f 'A 70000000x27-, 29631250., 

Chap. XXV. 41); .-. height of pyranud= — ^^^^ ^ 4 — ^^' ^"36481" 

=809 ft. nearly. 

136. A cross section of the trench will be a trapezoid. Hence its vol. 

= — X — X 8 sq. ft. X length =96 sq. ft. x length. 

And a cross section of the bank will be a triangle, the height of which =j of 
the base. The length of the bank is the same as that of the trench. Let b 
and h represent the base and height of the triangle. •*. vol. of bank 
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= -5— X length =ixihxhx length = ih^ x length = (by hyp.) 96 sq. ft. x length ; 

.-. ;i«=U4 sq.ft.; A ;i=12ft. 

187. Vol. of cylinder 
=8-1416 x8»x 40 cub. ft. =8042-496 cub. ft. =8042-5 cub. ft. nearly. 

138. Area of one end of frustum =3-1416 x (i)'sq. ft. ; and area of the 
other end =3*1416 x (f)'sq. ft. Also the square root of their product 

s3-1416xjxf; 

.-. yol. of frustum, or bucket 

=i xfx 3-1416 {i+ A+W=ix 3-1416 xfxli cub. ft.; 

and 1 cub. foot of water weighs 1000 oz. or^fs.lbs.; .-. weight of water in 

bucket = i X 3-1416 x f x « x AfS- lbs. = :° lbs. = 94 lbs. nearly. 

.*. when full of water, the bucket weighs 94 lbs. more than when empty. 

139. Interior vol. of required sphere 

= 11 X 30 cub. in. = 330 cub. in. = ^ x 81416 x diam.8 ; 

.-. diam.«=p5^ cub. in. = 630-25210084 cub. in. ; 
3*1416 

.-. diam. = 4/(630*25210084 cub. in. ) = 8*574 in. 

140. Curved surface of zone 

= 3*1416 X J^ X § sq. ft. = -7854 x 65 sq. ft. = 51-051 sq. ft. 

141. Quantity of earth required 

= If ao. X 18 in. = f X 4840 x J cub. yds. = 3872 cub. yds. 

142. Thickness required = 1 cub. in. -=- 7 sq. ft. = = — =-— in. = ^7: ,- in. 

^ 7 X 144 1008 

143. Yol. of air required 

= 242 X 18-J X 10| cub. ft. = Y X ¥ X ^4 cub. ft. = 4840 cub. ft. 

144. Vol. of excavation = 40x30x6 cub. ft.; .-. vol. of earth when 

removed=Hx 40x30x6 cub. ft. =66x120 cub. ft.; .-. height of earth 

^ ,, 66 X 120 cub. ft. 4 _^ 

spread over field = ■: — -rrrrjz — tt = tt it. 

^ ^ X 4840 X 9 sq. ft. 11 

145. Vol. of pyramid 

= ?: X ^ J3 X 12 cub. in. = 100 x 1-73205 cub. in. = 173-205 cub. in. 
3 4 

146. VoL of wire = 3-1416 x (-04)2 x length = (by hyp. ) 1 cub. in. ; .'. length 
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^ 147. The gutter is in the form of a triangular prism. The hase of each 
triangular end is 8 in., and each of the other sides of these ends is 5 in. 
The length of the prism is 144 in.; .*. yoL of gutter = area of triangular 
end X length of prism 

=Js/{(8+5)»-6«}{5«-(8-6)«}xl44cuh.in.=12xl44cub.in.=1728cuh.in. 

148. (Vide diag. to Chap. XXVI. 5.) Here Di5'=4in., BG=5m., 

FGs=3in., .-. (as in Chap. XXVT. 5), AF=^^ in. =12 in., and AG=15 in. 

O — 4 

.'. YoL of cone ABC=^x 3*1416 x 5* x 15 cub. in. =392*7 cub. in. 

149. VoL of 1* Bhot=tx31416x(4*4)»cub. in.; and vol, of 2^ shot 
= ^ X 3*1416 X (3*96)3 cub. in. ; .-. weight of latter 

(3'96)s -„„ '0^ ,-„ -008748 lbs. «„^«,^ 

= -jT-TU X 12 lbs. =-:ri- ^ 12 lbs. = y^^ =8*748 lbs. 

(4'4)"» •!* '001 

150. Curved surface of cylinder 

= 2 X 3-1416 X radius x 25 in. = (by hyp.) 600 sq. in. ; 

••• '^'"=50lS54i6^ = -2^^-=^'^^^-^^^y- 

440 X 154 

151. Area of field =440 x 154 sq. yds.= ^^ ao. =14 ac. .-. area of 

220x164 ,220x154 7 

smaller portion = sq. yds. = ^ .^^ ac. = ^ ao. = 3 J ac. ; and area of 

larger portion = (14 - SJ) ac. = lOJ ao. 

OK w 4,Q 

152. Area of 4 walls=2xlli(21 + 15|) sq. ft.= ^^ sq. ft.; and cost 

of painting them=£9|=£V^; .'. cost of painting per sq. foot 

-£77 2 11. 

8 35x49"" 980' 

.-. cost of paintmg ceiling =21 x 15i x £^=£^=£3. lis. 3d 

153. (8ift.)2+(7ift.)a=(HF+Af*)sq. ft. =ifiiA sq.ft. And 

(llAft.)a=i«ii sq.ft.; 
.-. (by Euc. I. 48), the parallelogram is not a rectangle. 

154. Hypothenuse^ = (13« + 17*) sq. in. = (169 + 289) sq. in. = 458 sq. in. 
Now (by Euc. III. 31), this hypothenuse is the diam. of the circle. .*. area 

of circle=3*1416 x T^i^' V^ 3-1416 x ^ sq. in. =359*7132 sq. in. 

155. Is solved as in 124. 
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166. Vol. of coal consumed in 1 year= 70000000 cub. yds. (vide 124) = vol. 
of stack =10 ac.x height of stack =10x4840 sq. yds. x height of stack; 

1, • u* r X V 70000000 - 175000 . ^ . .« , , 

.'. height of stack = — — j— ^ yds. = -j^or" ^^^' ~ ^ ' ^®^^^y* 



157. Thickness required 

1728 cub. in. 



X 4840 X 9 X 144 sq. in. 21780 



in. = '000046 in. nearly. 



158. 1 cub. foot. = 1728 cub. in. ; and 1 gallon contains 277*274 cub. in; 

1728 
/. no. of gallons in Icub. foot =2;^;^^^= ^'232. 

159. Is solved Uke 146. 




160. Here AB=AC=4l in., BD=DC=3in., and (by 
Euc. I. 47), AD=J(AB^+BI>^)=J(25 sq. in.) = 6 in. 
Now (by Euc. VI. 8, Cor.), AE : AB :: AB : AD ; 

._ AB^ 16. 1 t;tt. •• 

,\ AE = -p=r = -=-m, .'. alsoED=f in. ; 
AU o 

again, AE : EB : : EB : ED (by the same proposition) ; 

.•. EB^=AExED=^*g*-BqAn, .•. area of double cone 
ABDC=ixB'UUxEB^xAE+ix3'Ul&xEB^xED 

= ^ X 3-1416 X EB* {AE + ED) = ^ x 3-1416 x^^x5 cub. ft. 

= -62832 X 48 cub. ft. = 30-15936 cub. ft. = 30*16 cub. ft. nearly. 

161. Let a;=no. of yards in side of square base; then f= height. 

X 

,\ surface of aquarium=x2+4a;x2=3a;2; .♦. cost of glass 

= 3x2xl5».=£Jxx2=(by hyp.) £lA=£fi. 

.•. a;2=fjx|sq. yds.=|^sq. yds.; .•. a;=f of a yard, .•. yoL of aquarium 

125 
= (i)^ X A c^^* y^' = 36 — 12 ®^^* y^' ~ 13500 cub. in. ; 

and 1 gallon contains 277*274 cub. in. 
.*. no. of gallons in aquarium =2==;2=2=^Q' 7 nearly. 

162. Vol. of wire =3-1416 x (^ in.)2 x 1 yd. = ofn^^»^„. cub. ft ; .-. weight 

^ ' 240x720 

^ . 31416 ._^ 11-1266 _.^ , 

of wire= ^^^ rr^o. X 8600 oz. = — ;;^^ — oz. = •1546 oz. nearly. 



240 X 720 



72 
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163. (Vide diag. to 160.) Here AB=AC=12m., BD=DC=6in., and 
(by Euc. I. 47), AD=J{{12^+b^ sq. m.}=v'(169 sq. in.)=13in. AE and 
ED (found as in 160)= respectively, fi^in. and f|in. ; and 



ii3 + raj '^^•"'• 



__. 144x25 . „_ 60. 

•^ "^69" ^^' "*• •'* BE=^m. 

XT 1 * J VI AT,T^^ , ^-iA-in 144x26 /144 25 

Now vol. of double cone ABDC=l x 3-1416 x — ^-^Ti— X I ts- + t^ 

loy v 16 lo 

o-iA-ia 48x25 , . 3769-92 , . oon ha u • onn v • 

= 3-1416 X — =a — cub. in. = — r^ — cub. in. = 289*99 cub. in. = 290 cub. in. 
nearly. And curved surface of the double cone = 3*1416 x BE [AB + BD) 

= 3-1416 X =- X 17 sq. in. = — ^^ — sq. in. = 246-49 sq. in, = 246 sq. in. nearly, 
lo lo 



164. Let W and w represent the respective weights, and D and d the 
respective diameters of the two globes. Then IT : «? : : 9 : 25 ; .-. W=-^w. 
Now weight of 1 cub. inch in each globe = the weight of the globe divided 
by its volume in cubic inches, and this is, in the two globes. 



W 



, and - 



w 



respectively ; 



W w 



\ X 3*1416 X D' ' i X 3*1416 x d» 

.'. weights of 1 cub. inch in each globe are to each other as ^ : ^3 , 

hence (by hyp.), -rrg : ^ : : 15 : 9 ; i.e. as5:3; ,*. 6xtt7xD*=3x TTxd^. 

And we have shewn above that Tr= ^ «?; .*. 6xii7xD'=3xAx«7xd3; 

.-. 125D3=27d'; 6D=3d; .-. D : <f :: 3 : 6. 

165. Length of ring 

= 3*1416 (-01 + 1) in. (vide Chap. XXIV. 2) =3*1416 x 1*01 in. ; 

.-. vol. of ring= 3*1416 (*005)« x 3*1416 x 1*01 cub. in. (Art. 261.) 

= (3*1416)2 X (-005)2 X 1*01 cub. in. = vol. of gilding. 

Now surface enclosed by the ring is a circle whose diameter is 1 inch. 
.-. vol. of gilding =3*1416 x -5*sq. in. x thickness; 

.-. 3-1416 X -52 sq. in. x thickness of gUding= (3*1416)2 x (*005)2 x 1*01 cub. in. 

,*. thickness of gilding=3*1416x -000101 in. =-0003173016 in. = -00032 in. 
nearly. 

166. When the height of a cone equals the radius 
of the base, the vertical angle is a right angle, and 
conversely by Euc. I. 32. 

.-. D4=DJ5=DC=iBC=lft. 

.'. vol. of solid =i X 3*1416 x DB^ x BA 

+ J X 1 X 3-1416 X DJ52 X 2BD = 3*1416 x DB» 

=3-1416 cub. ft. 

Now height of cylinder being the same as that of 
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the solid ABEG=AE=^^DE=2DB =2 ft.; .-. ToL of water rwnaining in 
pylindersYol. of the cylinder- vol. of the solid ABEC 

= (3*1416 X 13 X 2 - 31416) cab. ft. = 3-1416 cab. ft. 

167. Let ABCD represent the covered portion ; 
EFD the uncovered portion, G the centre. Then 
EF=lEG=lit. Join AG, Then 

AF^^AG* - FG^ = (32 - 2^) sq. ft. = 6 sq[. a 

•'. yoL of buried portion = vol. of hemisphere 

-vol. of spherical segment AED (see Art. 301,) 

= |gx3-1416x^-ix3-1416xlx(3x6+l)|cub.ft. 

= i X 3-1416 (108 - 16) cub. ft. = 3-1416 x V cab. ft. 

Let HBGK represent the cylinder of earth to be left •*. vol. of earth to be 
dug out = vol. of this cylinder - vol. of ABCD 

= (3-1416 X 3« X 2 - 31416 x ^) cub. ft. 

=3-1416 (18 -V) cub. ft.=3-1416xf cub. ft. =8-3776 cub. ft. 

168. Use the diagram in Chapter XXYI. 16. Let DECS be the given 
frustum divided into two equal parts by the plane FG.. Then the vol. of the 
cone AFG is equal to half the sum of tiie cones ADE, ABC» 

Now by Bumlar triangles AL : AH : : BL : DH; 

that is AH+6ft. : AH:: 3 : 2. 

.-. AH= 12 ft. and AL = 18 ft. 

Thus vol. of cone ABC =^x 3-1416 x 3< x 18 cub. ft., 

and that of ADE:=i x 3-1416 x 2^ x 12 cub. ft. 

.-. vol. of cone AFG = J x 3-1416 x 105 cub. ft. 

But by similar triangles AHD, AFK 

AK : KF :: AH : HD, 

fhatia ::12:2. 

.-. AK=6 iiimea KF. 

But the VOL of AFG=^l x 3-1416 x KF^ x AK 

=1x3-1416 (^^'xi£JS:. 

.*. oomparing these two values for voL of cone AFG we see that 

(ii^)»=86xl06. 

••. AK= i/se x 106 
=16-6776 ft. 
and HK= 8-677 a 

Also the YoL of the given frustum, using Art. 268, 

:-! X 6x8-1416 (3«+2x8+2«) 
^g.l4l6x88 
^j^l9»88oub. ft. 
and each half of the l^ ^^^ 2i69*69 oub. ft. 

T.M.K. ^"^l^ 



X 
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28 529 

169. SariiAoe of «pliere=:28 m.Xg;jjjjixL«g7j^ ^' in.=168 sq. in. 

nearly SB qnaniitj of leather reqnirecL 

170. UBing the rule of Art. 881 we have 

89 X (28-6)> + 25 X (26*5)> + 26 x 28*6 x 26-5 
= 81900-44 + 17556*25 + 19705-4» 69162-09 ; 
.'. vol. of oa8k=69162'09 x 47*5 x -000031478 gallons 
s 108 -4 nearly. 

171. Let a;=no. of feet in side of eqnil. triangle. .*. eost of paving 

=^^/3x9d.=««x|v3<f.; 

and cost of fencing = 8re x 5t.=x x 180d.; 

.-. oost of fencing : cost of paving :: rexlSOcZ. : x'xf x^3i.; 
i.e. as 80 : xXi^8; ie. as 804^8 : 8d;. 

. . 172. Let X ft. = side of eqnilateral triangle. «'. oost of ptmngss^a^^Zd. 
(vide preceding), and cost of fencing = re x 180d. .-. | d;> ^3 = x x 180 ; 



4 80 80 fiO 

«=180x^ ft.=~ ft.=^V3ft.= ~xl-78205ft.=46-188ft. 



8 



8 




178. Let d;in.=side of given square ACDB. Let 
EFHB be the given rectangle, so that Xfir=*202in., 
and GC= -2 in. Now since ACDB=EFHB ; .-. area of 
rectangle JSG=area of rectangle OD (by Enc. L Ax. 8), 
i.e. (x - -2) X -202 sq. in. =re x -2 sq. in. ; 

.-. xx-202in.--2x*202sq. in.=xx*2in.; 

'2 X *202 
.-. X (-202 - -2) in. = -2 X -202 sq. in. ; .-. «= in. 

174. Let d;in.=:length of edge of cube. Then d;^xre=trae volttme of 
cube. And calculated volume ={x+ -202) (re - *2) x x cub. in. Now since the 
height in both cases is the same, and the vols, are equal, the areas of the 
bases must likewise be equaL .-. (re + *202) (x - -2) sq. in. = rr' sq. in« ; 

as m preoedmg), aj=.^^^-^m.=-;g^m.=20-2m. 

.-. true vol. of oube=(20*2in.)*=8242'408cub. in. 

175. Here AD=,J2in., DE =lm., and segment ABC 
= segment FOH. Now (by Euc. L 47), 

AE=^{AD^-DE^ =V{(2 - 1) sq. in.} =1 in. 
.-. (by Euc. L 5, and 82), z EAD and z EDA are half a 
right angle, as also are z EGD and z EDC ; 

.-. whole z AD0=9(fi. 

Now area of sector ADC : area of circle :: 90^ : 860®; 
.'. area of sector ADC=:i area of circle. •'. area of seg- 
ment ABC=i area of circle - area of A ADC 

s=i area of circle - '^ ^ sq. in.sj area of oirde - 1 sq. in. 
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.*. area of the 2 segments ABC and FGH together =} area of cirde - 2 sq. in. 
Hence area of zone iilJ^irC=area of circle - (^ area of circle - 2 sq. in.) 

=Jx 8-1416 X (^2 in.)a+2sq. in.=:5-U16sq. in. 

176. Let the diagram represent the piece 

ontont. Here J56]'= (7^1= radius of base, of 

cylinder =i^2 in., and AB=2m* .*. (by Enc. 

AR 
in. 8), HA = HB = -^ = 1 in. Now dimensions 

of segment ABB are exactly those given for 
segment ABC in the preceding no. .*. area of 
segment ABB also 

= {J X 3-U16 X (V2)« - 1} sq. in. = -5708 sq. in, 

.'. vol. of solid BABCDE 

=area of segment ABB x BD =*570S x 2 cub. in. 

And solid PN^MLiirOs solid BABCDE; .-. vol. of these two solids together 
s= *5708 X 4 cub. in. s 2'2832 cub. in. Again, vol. of parallelepiped 

BANPKOED =^AB xANx BD, 

NoWil^'=2HG=(by Euc. I. 47), 2^{AG^^AH^ 

=2V{(s/2in.)«-ia8q. in.} =2 in. 

.'. vol. of the parallelepiped =2 x 2 x 2 cub. in. =8 cub. in. »\ vol. of whole 
piece out out = (2*2832 + 8) cub. in. = 10*2832 cub. in. 

Otherwise. The volume out out is equal to the area of the base multiplied 
into the height. Now the area of the base is given in the preceding example 
and= 5 '1416 sq. in. Also the height is 2 in. 

.*. volume cut out=35'1416x 2=10*2832 cub. in. 

177. {Note, The most advaiitageous form for a parallelepiped without 
a lid is that in which height =ilength (vide Art. 317), and that for a cylinder 
without a Ud is that in which height =radiu8 of hose (vide Art. 325).) Let 
a = length of parallelepiped; then ^a=its height. Let &= radius of base of 
cylinder; then h also = height of cylinder. .*. voL of parallelepiped 

and vol. of cylinder = 8-1416 x 6« x 6 = 3*1416 x 6». 

.% 8-1416 x6»^Ja» (by hyp.); .-. h=^{j^^^^xa. 

Now surface of material in parallelepiped =:a'+4xaxia= 8a'. And surface 
of material in cylinder 

±=3-1416 X 6«+8*1416 x 25 x &=8 x 8-1416 x y=3 x 8*1416 x ^j^^ ^ ^tumn 

=8 X ^^22 X o«=8 X ^^^^7854 X a«=8 X a» X -92 nearly. 

Thus considering the vessels to have the same very smaU thickness, we have, 
quantity of material iQ cylinder : quantity of material in parallelepiped 
:: 8xa'x*92 : 8a'; i.e, ||S'92:1; .*. qpmtity of material in cylinder 
= -92 of quantity of m^^i ^^ in parallelepiped. 
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178. (Note, The most adyantageons shape for a parallelepiped tnth a 
lid, is that in whioh the parallelepiped is a cube (vide Art. 817) ; and that 
for a cylinder with a lid, is that in whioh height =2 radiui of hose (vide Art. 
325).) Take a and & as in preceding. Then vol. of cuhe=a', and yol. of 
cylinder =3-lil6 x d^ x 26=2 x 8-U16 x h^; 



(as in preceding) h 



-c^ 



xa; 



2 X 3*1416 

.*. quantity of material in cube = 6a*, and quantity of material in oylinder 

=2x3-1416x&3+8*1416x2&x26=6x8*1416x&3=(aBinpreceding)6x*92xa>; 

.-. material in cyHnder : material in cube : : 6 x *92 x a' : 6a*; i. e. as *92 : 1; 
.-. material in cylinder =*92 of material in cube. 

179. (Vide diag. to Chap. XXV. 21) 
FE=^{FD*+DE^=^{{10(fi+10Q^) sq. ft.} =100^2 ft. .-. BE=50»J2 ft. 

.-. ilB=y(ii£«-J5j:2)=V{(100*.-60*x2)sq. ft.}=60V2ft. 
.'. voL of pyramid ADFGE 

=i X 100« X 60^/2 cub. ft. = 236702-2604 cub. ft = voL of cube. 
.-. edge of cube=4^(235702-2604 cub. ft.)=61-77 ft. nearly. 

180. Let AF=a; then OF=ia, and AG=ia. 
Let BF=b. Now from similar A'AGD and AFB, 
(by Euc. VI. 4), DG : GA ::BF:FA; 



... DG=i^=}6. 



A 



.*. vol. of cylinder DHKE 

=31416 X (!&)* X ia=| X i X 31416 x db^. 

And vol. of cone ^BC=Jx 3*1416 x6*a; .*. voL of 
cylinder DHKE=^ of voL of cone ABO. And this 
cylinder DHKE is the greatest possible. For, sup- 
pose kxa=GF, where A; is a proper fraction, .*. AG=ia^hi=a{l- h); 
.*. (as above), DG=b{l-k), .*. vol. of the cylinder, the radius of the base 
of which=6 (1-*), and the height of which =A;a= 3-1416 x&*(l-Af)*xika; 
and this vol. will be less than vol of former cylinder DHKE if 

8-1416 X &*(1 - k)^ xkaia less than 8*1416 x &*a x ^ ; 

that is, if (1 - k)*k is less than -ff, or -^ greater than (1 - kfk. Now 

A-(l-Jk)**=A^-Jk+2*?-t^ 

=:(i-*)*(*-Af). 

Thus when ks^i this expression =0 and at all other times is greater than ; 
for (^- ^)* is always a positive quantity, and $- A; is also positive as ^ is a 
proper fraction. Thus the trimmed frustum is the greatest when lk=|. 



THE END. 
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